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CORONARY ARTERY DISEASE 


5o ASEE Sos LT PONES ea HA Pc PDE- e WO MS ende 
Influence of Vessel Selection on the Observed Restenosis Rate 
After Endoluminal Stenting or Directional Atherectomy 

Richard E. Kuntz, Tomoaki Hinohara, Gregory C. Robertson, Robert D. 
safian, John B. Simpson, and Donald S. Baim 


The potential confounding influence that vessel selection has on restenosis 
was examined using continuous measures and current acute gain /late loss 
analysis in 102 single Palmaz-Schatz stent-treated and 347 directional 
atherectomy-treated lesions, 367 (82%) of which had 6-month angio- 
graphic follow-up. Left anterior descending versus right coronary lesions 
had a significantly higher restenosis rate (35 versus 18%, p = 0.009), and 
multivariable analysis demonstrated that both postprocedure luminal di- 
ameter and coronary location (the proportion of left anterior descending 
vessels treated), but not device type (stent versus atherectomy), were 
strong independent determinants of restenosis according to both binary 
and continuous definitions. The higher restenosis rate seen for left anterior 
descending compared with right coronary lesions was associated with a 
larger “loss index" (late loss in luminal diameter divided by acute gain; 
0.52 vs 0.35, p = 0.009), which would suggest intrinsically greater intimal 
hyperplastic responsiveness. This study shows that left anterior descending 
coronary lesion location carries an independent increased risk of restenosis 
after Palmaz-Schatz stenting or directional atherectomy because of both a 
smaller post-treatment lumen diameter and a probable greater intimal 
hyperplastic response (reflected by the loss index) for the left anterior 
descending compared with the right or circumflex arteries. 


P Loro is lk ee MR He PS ULIS due 
Detection of Silent Coronary Artery Disease in Adolescents 
and Young Adults with Familial Hypercholesterolemia by 
Single-Photon Emission Computed Tomography Thallium-201 
Scanning 

Bill Mouratidis, Edward F. Vaughan-Neil, David L. Gilday, Judith M. Ash, 
Geraldine Cullen-Dean, Susan Mcintyre, James H. MacMillan, and 

Vera Rose 


Familial hypercholesterolemia (FH) is a common genetic disease charac- 
terized by high levels of total cholesterol and low-density lipoprotein in the 
blood resulting in early.coronary artery disease. Fifty-four patients (mean 
age 16 years, range 3 to 24) with FH were evaluated (4 homozygotes and 


Continued on page A15 
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50 heterozygotes). The purpose of this study was to detect the presence of 
myocardial ischemia with single-photon emission computed tomography 
thallium-201 scanning and to detect any differentiating variables between 
heterozygotes with normal and abnormal thallium-201 scans. Eleven het- 
erozygotes (22%) had myocardial ischemia, as demonstrated by thallium- 
201 scanning. Family history, lipid profile, age and sex of heterozygotes 
with FH did not predict the presence of myocardial ischemia. Myocardial 
ischemia is more frequent than expected in heterozygotes and occurred in 
early adolescence. The results indicate that thallium-201 scanning should 
be performed early as a screening test to detect myocardial ischemia and 
to guide patient management. 


i EEN SEEE RSS MESE AEN TIRE 
Early Results with Bilateral Internal Mammary Artery Grafting 
in Coronary Reoperations 

Luc Noyez, Tjeerd van der Werf, Douglas P. B. Janssen, Theo J. 
Klinkenberg, Giles L. Kaan, Wim N. J. C. van Asten, and Leon K. Lacquet 


Experience and early results of 47 coronary reoperations using the bi- 
lateral internal mammary arteries (IMAs) are described. No special prob- 
lems were encountered by using both IMAs during the operation. Hospital 
morbidity and mortality (6.3%) were comparable to those of larger series 
of reoperations. Follow-up results showed a good functional improvement 
in >90% of patients. The results demonstrate that bilateral IMA grafting 
can be performed without increasing the operative morbidity and mortali- 
ty of coronary reoperations. 


1117 

Changing Circadian Variation of Transient Myocardial 
Ischemia During the First Year After a First Acute Myocardial 
Infarction 

Hans Mickley, Peter Pless, Jens R. Nielsen, and Mogens Mgller 


In 123 consecutive men aged <70 years with a recent first acute myocardi- 
al infarction, 24-hour ambulatory ST-segment monitoring was performed 
early after discharge, 6 months and 1 year after the infarction. During 
each recording 17 to 20% of patients had ischemic episodes, 97 to 100% of 
which were silent. In the early postinfarction period a peak of ischemic 
activity was shown between 6 P.M. and midnight (43% of episodes). At 1- 
year follow-up, however, the peak activity occurred between 6 A.M. and 
noon (44% of episodes). During early ambulatory recording, 76% of 
patients had ischemia in the evening 6-hour time period, which was signifi- 
cantly higher than the 39% found 1 year later. The opposite trend was 
demonstrated regarding the prevalence of patients having morning epi- 
sodes of ischemia: 48 vs 74%. The change in circadian periodicity of 
transient myocardial ischemia could not be explained from differences in 
heart rate patterns or the use of antianginal medication. 


ABSTRACTS A15 


CONTENTS/ABSTRACTS 


Cl DU ME a a RES TIT ER Y e. Oe eM UNDAE Le one E TR ILL E IL 
Usefulness of Heavy Isometric Exercise Echocardiography for 
Assessing Left Ventricular Wall Motion Patterns Late (76 
Months) After Acute Myocardial Infarction 

Enrique Z. Fisman, Efraim Ben-Ari, Amos Pines, Yaacov Drory, Michael 
Motro, and Jan J. Kellermann 


This prospective study aims at determining the effects of heavy isometric 
exercise on left ventricular wall motion patterns in patients who have had 
myocardial infarction. In addition, heavy isometric exercise is compared 
with dynamic exercise for ability in eliciting left ventricular wall motion 
abnormalities at an equivalent rate-pressure product. Echocardiographic 
examination was performed in 42 patients during both supine bicycle 
ergometry and heavy dynamometer stretching. Wall motion abnormali- 
ties or new asynergy were induced by isometric exercise in 120 segments, 
107 of which (8996) reflected significant stenosis of the perfusing coronary 
artery. Hypokinesia was the dominant pattern in the range of 76 to 9090 
narrowing, whereas akinesia was dominant at 91 to 10096 narrowing. The 
sensitivity and positive predictive value for identifying a specific vessel 
disease was similar for both exercises. Heavy isometric exercise in patients 
who have had myocardial infarction induces wall motion abnormalities of 
a severity proportional to the degree of coronary narrowing. The ability of 
this exercise to identify obstructions in a specific vessel is similar to 
dynamic exercise. However, when compared at near-equal rate-pressure 
products, the sensitivity of isometric exercise is far superior to dynamic 
exercise. 


s NO ERES AQ! S PIERNAS HANS: ee eke ae SORIA RA 
Patterns of Myoglobin and MM Creatine Kinase Isoforms 
Release Early After Intravenous Thrombolysis or Direct 
Percutaneous Transluminal Coronary Angioplasty for Acute 
Myocardial Infarction, and Implications for the Early 
Noninvasive Diagnosis of Reperfusion 

Thierry Laperche, P. Gabriel Steg, Joélle Benessiano, Monique Dehoux, 
Jean-Michel Juliard, Dominique Himbert, and René Gourgon 


The early patterns of myoglobin and MM creatine kinase isoforms release 
were determined in 20 patients undergoing thrombolysis and in 7 undergo- 
ing direct angioplasty for acute myocardial infarction, and were compared 
with 90-minute angiographic assessment of reperfusion of patency of the 
infarct-related artery. In all groups, there were increases in myoglobin, 
percentage of MM; isoform, and ratio of MM3/MM,. These increases 
appeared on the average steeper and faster in patients with reperfusion, 
but the large dispersion of values in this group resulted in a wide overlap 
with patients without reperfusion. Retrospective analysis indicates that a 
percentage of increase at sixty minutes in the MM3/MM, ratio 20.35 
appears very specific for reperfusion. Furthermore, the patterns of bio- 
chemical markers of reperfusion differ when reperfusion is initiated by 
either thrombolysis or percutaneous transluminal coronary angioplasty. 
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Relation of Body Fat Distribution in Men and Degree of 
Coronary Narrowings in Coronary Artery Disease 

Mauro Zamboni, Fabio Armellini, Imad Sheiban, Margherita De Marchi, 
Tiziana Todesco, lvo A. Bergamo-Andreis, Luciano Cominacini, and 
Ottavio Bosello 


The relation between abdominal fat distribution, as evaluated by comput- 
ed tomography, and severity of coronary artery disease (CAD), as evalu- 
ated by angiographic score is analyzed in 33 patients with CAD and in 10 
angiographically normal control subjects. Visceral abdominal adipose tis- 
sue area and visceral/subcutaneous abdominal adipose tissue area ratio 
were significantly higher in patients with CAD, and correlated significant- 
ly with severity of CAD, as evaluated by coronary score. This study 
suggests that visceral abdominal adipose tissue area and visceral /subcu- 
taneous abdominal adipose tissue area ratio may be CAD risk factors. 


SRT UTI NERIS NU ELS ERE CO ee OE 25 IAE RESO COME 
Beat-to-Beat Morphologic Variability of the Electrocardiogram 
for the Evaluation of Chest Pain in the Emergency Room 
Shlomo A. Ben-Haim, Amnon Gil, and Yeouda Edoute 


The value of electrocardiographic morphologic variability in differentiat- 
ing between acute myocardial infarction, acute coronary insufficiency, 
angina pectoris and a noncardiac source for acute chest pain was evaluated 
in 49 patients. Patients were studied at presentation to the emergency 
room, using a high-resolution electrocardiogram and quantifying the beat- 
to-beat variations in QRS morphology. Patients with acute myocardial 
infarction had a significantly higher variability of QRS onset (1.9 + 0.2) 
than did those with acute coronary insufficiency (1.1 + 0.2), angina 
pectoris (0.9 + 0.1) or noncardiac chest pain (0.8 + 0.1) (p «0.05). 
Increased beat-to-beat electrocardiographic variability is an independent 
predictor for the presence of an acute ischemic event compared with 
patient history, scalar electrocardiography and creatine phosphokinase- 
MB testing. 


i a PEASE S TM SAE SERRE Fs VAR ES Fee S DNE BERS (T ne EOD S © IER REN 
Degrees of Coronary Arterial Narrowing at Necropsy in Men 
With Large Fusiform Abdominal Aortic Aneurysm 

Gisela C. Mautner, Katherine Berezowski, Susanne L. Mautner, and 
William C. Roberts 


In 27 patients (mean age at death 72 + 9 years) with abdominal aortic 
aneurysm (AAA) 25.0 cm in its widest transverse diameter, the amounts 
of narrowing at necropsy in the 4 major (left main, left anterior descend- 
ing, left circumflex, and right) epicardial coronary arteries were deter- 
mined. During life, 12 of the 27 patients (44%) had symptoms of myocar- 
dial ischemia: angina pectoris alone in 2, acute myocardial infarction 
alone in 3, angina pectoris and acute myocardial infarction in 5, and 
sudden coronary death in 2. Six (22%) died from rupture of the AAA. 
Grossly visible left ventricular necrosis or fibrosis, or both, was present in 
15 (56%) patients. Of the 27 patients, 23 (8596) had narrowing 76 to 100% 
in cross-sectional area of 1 or more major coronary arteries by atheroscle- 
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rotic plaque. The mean number of coronary arteries per patient severely 
(>75%) narrowed was 2.0 + 1.3/4.0. The 4 major coronary arteries in the 
27 patients were divided into 5-mm segments and a histologic section, 
stained by the Movat method, was prepared from each segment. The 
mean percentages of the resulting 1,475 five-mm segments narrowed in 
cross-sectional area 0 to 25%, 26 to 50%, 51 to 75%, 76 to 95% and 96 to 
100% were 17, 37, 28, 15 and 3%, respectively. Thus, patients with AAA 
nearly always have diffuse and severe coronary atherosclerosis. 


POP y SURE Se ET OAT seit ISE - 2 ET SUN OMEN Fer ue eae Fur DAS. Ma S BY 
Amounts of Coronary Arterial Narrowing by Atherosclerotic 
Plaque at Necropsy in Patients with Lower Extremity 
Amputation 

Gisela C. Mautner, Susanne L. Mautner, and William C. Roberts 


In 26 patients (mean age at death 68 + 9 years) who had undergone 
amputation (at mean age 63 + 12 years) of 1 or both lower extremities due 
to severe peripheral arterial atherosclerosis, the amounts of narrowing at 
necropsy in the 4 major (left main, left anterior descending, left circum- 
flex, and right) epicardial coronary arteries were determined. During life, 
15 of the 26 patients (58%) had symptoms of myocardial ischemia. Gross- 
ly visible left ventricular necrosis or fibrosis, or both, was present in 21 
patients (81%). Of the 26 patients, 24 (9296) had narrowing 76 to 100% in 
cross-sectional area of 1 or more major coronary arteries by atherosclerot- 
ic plaque. The mean number of coronary arteries per patient severely 
(27595) narrowed was 2.3 + 1.0/4.0. Of the 104 major coronary arteries 
in the 26 patients, 60 (58%) were narrowed >75% in cross-sectional area 
by plaque. The mean percentages of 1,322 five-mm segments narrowed in 
cross-sectional area 0 to 25%, 26 to 50%, 51 to 75%, 76 to 95% and 96 to 
100% were 17, 20, 35, 19 and 9%, respectively. The percentages of 5-mm 
coronary segments narrowed >75% in cross-sectional area were similar in 
the left anterior descending, left circumflex and right coronary arteries. 
Thus, patients with peripheral arterial atherosclerosis severe enough to 
warrant amputation nearly always have diffuse and severe coronary ath- 
erosclerosis at the time of necropsy. 


VALVULAR HEART DISEASE 


LISE áreas S| hI NOR Xi ccn dL ori adita. iie. 
Morphologic Characterization and Quantitative Assessment of 
Mitral Regurgitation with Ruptured Chordae Tendineae by 
Transesophageal Echocardiography 

Kou-Gi Shyu, Meng-Huan Lei, Juey-Jen Hwang, Shen-Chang Lin, Peiliang 
Kuan, and Wen-Pin Lien 


To compare the accuracy of transesophageal echocardiography (TEE) 
with that of transthoracic echocardiography (TTE) in the detection of 
morphologic characteristics and in the quantitative assessment of severity 
of mitral regurgitation with ruptured chordae tendineae, 40 patients with 
ruptured chordae tendineae (group 1) and 20 patients with moderate or 
severe mitral regurgitation due to other causes (group 2) were studied. 
TEE showed greater sensitivity and negative predictive value than TTE 
(100 vs 65%, and 100 vs 56%, respectively; p «0.005) in diagnosing 
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ruptured chordae tendineae. Visualization of the ruptured chordae as the 
snake-tongue sign was highly sensitive and specific (93 vs 95%, respective- 
ly). Eccentric mitral regurgitation jet occurred more often in the group 
with ruptured chordae tendineae (p <0.025). TEE color flow mapping 
showed better correlation with angiography than did TTE color flow 
mapping (r = 0.82 vs r = 0.49). 


I 1 c kg Nw a c LE m Cie dieci iuda a E 
Long-Term Echocardiographic Doppler Monitoring of Hancock 
Bioprostheses in the Mitral Valve Position 

Paola Melacini, Carla Villanova, Gaetano Thiene, Marco Minarini, 
Giuseppe Fasoli, Uberto Bortolotti, Giuseppe Ramuscello, Roldano 
Scognamiglio, Andrea Ponchia, and Sergio Dalla Volta 


Echocardiographic studies (M-mode, 2-dimensional and Doppler) were 
performed in 134 patients with a Hancock porcine bioprosthesis in the 
mitral valve position during a follow-up period of 1 to 216 months. Free- 
dom from structural mitral dysfunction was 89% at 6 years, 77% at 8 
years, 56% at 10 years, 16% at 15 years, and 15% at 18 years. Pathologic 
examination in 33 explanted valves confirmed the echocardiographic diag- 
nosis in 91% (stenosis 21%, incompetence 46% and combined stenosis and 
regurgitation 3396). Dystrophic calcification, isolated (64% ) or associated 
with fibrous tissue overgrowth (21%), was the main cause of failure. 
Bioprostheses with pannus had a longer durability (168 + 31 vs 121 + 21 
months; p <0.001). 


1164 
A New, Noninvasive Method to Monitor the Aging of 
Bioprosthetic Valves in the Mitral Position 

Carlo Longhini, Enrico Baracca, Cristiana Brunazzi, Vincenzo Gallucci, 
Alessandro Mazzucco, Franco Barbaresi, and Raffaele Pansini 





A new technique has been developed based on the spectral analysis of the 
first heart sound, which enables an estimation of stiffness indexes of the 
prosthetic leaflets from the peak frequency of the first heart sound and 
from the inner diameter of the valve. In 21 patients with normal valves, the 
indexes showed a significant correlation with the duration of implantation. 
In 15 patients with thickened or calcified prostheses, or both, the indexes 
of stiffness were higher than the theoretical values expected for their 
duration of implantation. This sensitive and simple procedure enables 
monitoring of the aging process of the prosthetic valves. Together with 
echocardiographic examination, this procedure may enable a more com- 
plete evaluation of the condition of prosthetic valves. Furthermore, the 
identification of advanced structural alterations indicates the time when 
more frequent follow-up controls are advisable. 
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Predictors, Mechanisms and Outcome of Severe Mitral 
Regurgitation Complicating Percutaneous Mitral Valvotomy 
with the Inoue Balloon 

Rosa Hernandez, Carlos Macaya, Camino Bafiuelos, Fernando Alfonso, 
Javier Goicolea, Andrés Iñiguez, Antonio Fernandez-Ortiz, Juan Castillo, 
Paloma Aragoncillo, Manuel Gil Aguado, and Pedro Zarco 


During 241 consecutive percutaneous mitral valvotomies using the Inoue 
balloon, 16 patients (6.6%) developed severe mitral regurgitation (MR). 
No baseline clinical characteristics, current echocardiographic criteria or 
hemodynamic data were found to correlate with postprocedural severe 
MR. Although balloon size and number of inflations were similar to those 
of patients without severe MR, unusual indentations and subvalvular 
inflations were more frequently observed in these patients. Of the 6 pa- 
tients who required early mitral surgery, 5 had severe subvalvular involve- 
ment and 5 commissural calcium. The mitral valve ruptured in the mid- 
portion of a leaflet in 2 patients and along the noncalcified commissure in 
4. Four of the 10 nonsurgically treated patients exhibited a chordal rup- 
ture, but in the remaining 6 patients the precise mechanism of severe MR 
could not be identified. During midterm follow-up, 1 patient required 
mitral surgery and 9 remained clinically improved without left ventricular 
enlargement. 


IES. nos Pei maae cM cci aL Aik a 
Effects of Dobutamine on Gorlin and Continuity Equation Valve 
Areas and Valve Resistance in Valvular Aortic Stenosis 

Paul N. Casale, Igor F. Palacios, Vivian M. Abascal, Lari Harrell, Ravin 
Davidoff, Arthur E. Weyman, and Michael A. Fifer 


To distinguish between flow-dependence of the Gorlin formula and 
changes in actual orifice area, the Gorlin valve area and 2 other measures 
of severity of aortic stenosis (AS), continuity equation valve area and valve 
resistance, were calculated under 2 flow conditions in 12 patients with AS. 
Transvalvular flow rate was varied by administration of dobutamine. 
During dobutamine infusion, heart rate increased by 19%, cardiac output 
by 38% and mean aortic valve gradient by 25%. The Gorlin valve area 
increased in all 12 patients, by 0.03 to 0.30 cm?. The average Gorlin valve 
area increased from 0.67 + 0.05 to 0.79 + 0.06 cm? (p «0.001). In 
contrast, the continuity equation valve area (calculated in a subset of 6 
patients) and valve resistance did not change with dobutamine. The data 
support the conclusion that flow-dependence of the Gorlin aortic valve 
area, rather than an increase in actual orifice area, is responsible for the 
finding that greater valve areas are calculated at greater transvalvular 
flow rates. Valve resistance is a less flow-dependent means of assessing 
severity of AS. 
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Prognostic Implications of Subclinical Left Ventricular 
Dilatation and Systolic Dysfunction in Men Free of Overt 
Cardiovascular Disease (the Framingham Heart Study) 
Michael S. Lauer, Jane C. Evans, and Daniel Levy 


To determine the prognostic significance of asymptomatic left ventricular 
dilatation and systolic dysfunction, 1,493 men who were free of cardiovas- 
cular disease underwent M-mode echocardiography and were then fol- 
lowed for a mean of 4.15 years. During the follow-up period, 68 men 
experienced 92 cardiovascular disease events. After adjusting for age and 
known cardiovascular risk factors in Cox proportional-hazards analyses, 
fractional shortening, either alone or in combination with increased end- 
systolic dimension or left ventricular hypertrophy, was a significant inde- 
pendent predictor of cardiovascular risk. 


1185 

Left Ventricular Filling Abnormalities in Non-Insulin- 
Dependent Diabetes Mellitus and Improvement by a Short- 
Term Glycemic Control 

Kunihide Hiramatsu, Noriko Ohara, Satoshi Shigematsu, Toru Aizawa, 
Fujiki Ishihara, Akihiro Niwa, Takashi Yamada, Motoji Naka, Atsushi 
Momose, and Kunio Yoshizawa 


Left ventricular filling as judged by pulsed Doppler echocardiography is 
significantly impaired in patients with non-insulin-dependent diabetics 
without severe complications. Impairment is more intense in those with 
retinopathy than in those without it. A short-term 6 months glycemic 
control results in a significant decrease in diastolic filling abnormalities in 
patients without, but not with retinopathy. Results suggest the pathogenic 
importance of hyperglycemia itself on diastolic dysfunction and a possible 
common etiologic factor in diabetic retinopathy and cardiac lesion. 


| UEM SRE re Sah WARS SE Na A I2 CO MC MOLDE N Sp T WA re 
Age-Related Increase in Systolic Fraction of Pulmonary Vein 
Flow Velocity-Time Integral from Transesophageal Doppler 
Echocardiography in Subjects Without Cardiac Disease 

Michio Arakawa, Shigeru Akamatsu, Etsuji Terazawa, Shuji Dohi, Hiroshi 
Miwa, Kensaku Kagawa, Kazuhiko Nishigaki, Yoshimi Ito, and 

Senri Hirakawa 


The systolic fraction of the pulmonary vein flow velocity-time integrals 
represents the ratio of left atrial storage volume to left ventricular stroke 
volume. Forty-four noncardiac surgical patients (age range 17 to 70 years) 
who underwent transesophageal Doppler echocardiography were studied, 
and left upper pulmonary vein flow and mitral inflow velocities were 
recorded. The ratio of peak velocity of the E wave to that of the A wave of 
mitral inflow velocity-time profile (y) decreased with age (y = —0.0245 X 
age + 2.41; r = —0.672, p «0.01). The systolic fraction of the pulmonary 
vein flow velocity-time integral (y) increased with age (y = 0.00373 X age 
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+ 0.514; r = 0.656, p <0.01), suggesting that left atrial filling increases 
compensation for impaired early filling of the left ventricle in elderly 
patients. 


DEON bi Mad PE TRU a he Se ee 
Frequency of Long-Term Lower Limb Ischemia Associated 
with Intraaortic Balloon Pump Use 

Marjorie Funk, Catherine F. Ford, Doris W. Foell, Susan Bonini, Dorothy 
L. Sexton, Adrian M. Ostfeld, and Henry S. Cabin 


This prospective study evaluated the incidence, nature, progression and 
predisposing factors for long-term lower limb ischemia in 151 patients 
who were previously treated with an intraaortic balloon pump (IABP). 
These patients were interviewed and their lower extremities examined at 
12 to 20 months after undergoing IABP counterpulsation. Limb ischemia, 
characterized primarily by ipsilateral discomfort and diminished pulses, 
occurred in 18% of those evaluated. Evidence of ischemia worsened over 
time in 14%. Logistic regression analysis revealed that the occurrence of 
acute limb ischemia, cardiogenic shock as an indication for [ABP insertion 
and smoking (at the time of hospitalization or having quit <10 years 
previously) were risk factors for long-term lower limb ischemia. 





METHODS 


1200 

Automated, On-Line Quantification of Left Ventricular 
Dimensions and Function by Echocardiography with 
Backscatter Imaging and Lateral Gain Compensation 

Julio E. Pérez, Steve C. Klein, David M. Prater, Carolyn E. Fraser, Hiram 
Cardona, Alan D. Waggoner, Mark R. Holland, James G. Miller, and 
Burton E. Sobel 


To provide on-line quantification of left ventricular cavity area and func- 
tion by echocardiography, 60 control subjects and 10 patients with cardiac 
dysfunction were studied with a novel ultrasound imaging system devel- 
oped to detect and track in real time ventricular endocardial blood bound- 
aries based on quantitative assessment of acoustic properties of tissue. The 
system used lateral gain compensation, a novel image enhancement proce- 
dure that facilitated acquisition of data in >90% of subjects and patients 
studied. Cavity areas and range of functional indexes in normal subjects 
were defined, and reproducibility was excellent. 





BRIEF REPORTS 


1206 0 digo ae 
Effects of Quinidine and Amiodarone on Blood Pressure During 
Rapid Ventricular Pacing in Coronary Artery Disease 

Hugh Calkins, Yu Shyr, Anthony Schork, Alan Kadish, and Fred Morady 
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Regression of Left Ventricular Hypertrophy in Systemic 
Hypertension with Beta Blockers (Propranolol, Atenolol, 
Metoprolol, Pindolol and Celiprolol) 

Gregory P. Vyssoulis, Eva A. Karpanou, Christos E. Pitsavos, Athanasios 
A. Paleologos, and Pavlos K. Toutouzas 


1212 

Prevalence of Atherothrombotic Brain Infarction, Coronary 
Artery Disease and Peripheral Arterial Disease in Elderly 
Blacks, Hispanics and Whites 

Wilbert S. Aronow 


MER oou OOR CFAE bud. Ee en eS Sea REE Sree E in, OR 
Age at Onset and Gender of Patients with Different Types of 
Supraventricular Tachycardias 

Luz-Maria Rodriguez, Christian de Chillou, Jürg Schlápfer, Jacques 
Metzger, Xie Baiyan, Adri van den Dool, Joep L. R. M. Smeets, and 
Hein J. J. Wellens 


a TUE MES TRIES BIEN ey = ee SUP A s IRS Rene d 
Effect of Mitral Valve Repair for Mitral Valve Prolapse on 
Regression of Left Ventricular Mass 

Marc D. Tischler, Kyle A. Cooper, Robert W. Battle, and Bruce J. Leavitt 


050 Sp ee BEI ELTE S A PP RR E ui) ELTE rE JE Pca 
Activation of the Coagulation System in Women with Mitral 
Stenosis and Sinus Rhythm 

Syed M. Jafri, Luis Caceres, Howard S. Rosman, Tsunenori Ozawa, 
Eberhard Mammen, Micheal Lesch, and Sidney Goldstein 


NE V V ouis seat De rr abi ars a rfl] Misa aerea 
Prevalence of Bilateral Patent Ductus Arteriosus in Patients 
with Pulmonic Valve Atresia and Asplenia Syndrome 

Roberto Formigari, Ugo Vairo, Andrea de Zorzi, Giuseppe Santoro, and 
Bruno Marino 


CASE REPORTS 


1221 

Localized Left Ventricular Aneurysms with Normal Global 
Function Caused by Myocarditis 

Andrea Frustaci and Attilio Maseri 


1224 
ST-Alternans Alternans 


Kenneth M. Kessler, E. Joseph Bauerlein, Alan Schob, Eduardo de 
Marchena, and Robert J. Myerburg 


Continued on page A35 


A32 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 70 NOVEMBER 1, 1992 


a m m e 


CONTENTS/ABSTRACTS 


1226 

Tricyclic Overdose Causing Sustained Monomorphic 
Ventricular Tachycardia 

Robert W. Peters, Gregory A. Buser, Hyun Joe Kim, and Michael R. Gold 
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Myocardial Respiratory Chain Enzyme Activities in Anomalous 
Origin of the Left Main Coronary Artery from the Pulmonary 
Trunk (Bland-White-Garland Syndrome) and Comparison with 
Atherosclerotic Coronary Artery Disease 

Iris Maurer and Stephen Zierz 
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.OZOL® (indapamide) 2.5 mg tablets 
IRIEF SUMMARY 


NDICATIONS AND USAGE: LOZOL (indapamide) is indicated for the treatment of 
ypertension, alone or in combination with other antihypertensive drugs, and for the 
teatment of salt and fluid retention associated with congestive heart failure. 

sage in Pregnancy: See PRECAUTIONS. 


ONTRAINDICATIONS: Anuria, hypersensitivity to indapamide or other sulfonamide- 
erived drugs. 


IARNINGS: Infrequent cases of severe hyponatremia, accompanied by hypokalemia, 
ave been reported with the use of recommended doses of indapamice primarily in 
Iderly females. Symptoms were reversed by electrolyte replenishment (see 
RECAUTIONS). Hypokalemia occurs commonly with diuretics (see ADVERSE 
EACTIONS, hypokalemia), and electrolyte monitoring is essential. In general, diuretics 
hould not be given with lithium. 

'RECAUTIONS: Perform serum electrolyte determinations at appropriate intervals, 
specially in patients who are vomiting excessively or receiving parenteral fluids, in 
atients subject to electrolyte imbalance, or in patients on a salt-restricted diet. In 
ddition, patients should be observed for clinical signs of fluid or electrolyte imbalance, 
uch as hyponatremia, hypochloremic alkalosis, or hypokalemia. The risk of 
ypokalemia secondary to diuresis and natriuresis is increased with larger doses, with 
risk diuresis, with severe cirrhosis, and with concomitant use of corticosteroids or 
CTH. Interference with adequate oral intake of electrolytes will also contribute to 
ypokalemia. Hypokalemia can sensitize or exaggerate the response of the heart to the 
Xic effects of digitalis, such as increased ventricular irritability, 

ilutional hyponatremia may occur in edematous patients; appropriate treatment is 
Sually water restriction. In actual salt depletion, appropriate replacement is the 
eatment of choice. Chioride deficit is usually mild, not requiring specific treatment 
xcept in extraordinary circumstances (liver, renal disease). 

yperuricemia may occur, and frank gout may be precipitated in certain patients 
iceiving indapamide. Serum concentrations of uric acid should be monitored 


se with caution in patients with severe renal disease: consider withholding or 
continuing if progressive renal impairment is observed. Renal function tests should 
se with caution in patients with impaired hepatic function or progressive liver disease, 
nce minor alterations of fluid and electrolyte balance may precipitate hepatic coma. 
atent diabetes may become manifest and insulin requirements in diabetic patients 
lay be altered during thiazide administration. Serum concentrations of glucose should 
? monitored routinely during treatment with indapamide. 


Calcium excretion is decreased by diuretics pharmacologically related to indapamide. 
Serum concentrations of calcium increased only slightly with indapamide in long-term 
Studies of hypertensive patients. Indapamide may decrease serum PBI levels without 
signs of thyroid disturbance. Complications of hyperparathyroidism have not been 
seen. Discontinue before tests of parathyroid function are performed. 

Thiazides have exacerbated or activated systemic lupus erythematosus. Consider this 
possibility with indapamide. 
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Influence of Vessel Selection on the Observed 
Restenosis Rate After Endoluminal Stenting or 
Directional Atherectomy 


Richard E. Kuntz, MD, MS, Tomoaki Hinohara, MD, Gregory C. Robertson, MD, 
Robert D. Safian, MD, John B. Simpson, MD, PhD, and Donald S. Baim, MD 


In comparing the restenosis rates among different 
interventions, 1 potential confounder might be the 
differences in the vessels treated, as dictated bv 
the technical limitations of particular devices. The 
purpose of this study was to use current “‘acute 
gain-late loss” analysis to examine what influence 
vessel selection has on the restenosis rates seen 
after coronary stenting or directional atherec- 
tomy. The minimal luminal diameter of native cor- 
onary lesions was measured before and immedi- 
ately after intervention in 102 single Palmaz- 
Schatz stents and 347 atherectomies, 367 (82%) 
of which had repeat angiographic measurement 6 
months after intervention. Atherectomy-treated le- 
sions had a higher proportion of left anterior de- 
scending to right coronary arteries (68 vs 24%) 
compared with stents (31 vs 54%), p <0.001. Al- 
though subsequent restenosis rates were similar 
for stenting (25%) and atherectomy (30%, 

p = 0.42), left anterior descending versus right 
coronary lesions had a significantly higher reste- 
nosis rate for the overall group (35 vs 18%, 

p = 0.009), for stents (44 vs 13%, p = 0.008) and 
for atherectomy (35 vs 22%, p = 0.10), respec- 
tively. Multivariable analysis demonstrated that 
postprocedure luminal diameter (p = 0.03, 

p = 0.009) and coronary location (the proportion 
of left anterior descending vessels treated, 

p = 0.002, p <0.001), but not device type (stent vs 
atherectomy), were strong independent determi- 
nants of restenosis according to both binary 
(>50% diameter stenosis) and continuous (late 
percent stenosis) definitions. The higher resteno- 
sis rate seen for left anterior descending as com- 
pared with right coronary lesions was associated 
with a larger “‘loss index” (late loss in luminal di- 
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ameter divided by acute gain: 0.52 vs 0.35, 
p = 0.009), which would suggest intrinsically 
greater intimal hyperplastic responsiveness. This 
study shows that left anterior descending lesion 
location carries an independent increased risk of 
restenosis after either Palmaz-Schatz stenting or 
directional atherectomy, apparently because of a 
larger potential for luminal renarrowing of the left 
anterior descending compared with the right or 
circumflex arteries. 

(Am J Cardiol 1992;70:1101-1108) 


oplasty or other newer interventions appears to 

result from a local neointimal hyperplastic re- 
sponse. Angiographically, the late luminal result is the 
sum of 2 opposing influences: the acute gain produced 
by the intervention, and the subsequent late loss (a 
ubiquitous and normally distributed phenomenon) that 
results from local hyperplasia. Whereas the magnitude 
of late loss is itself influenced by the amount of prior 
acute gain, the late loss for a population of lesions tends 
to be only a fraction (roughly 50%) of the acute gain, 
with the remainder retained as a long-term increase in 
the luminal diameter of the treated segment.! Resteno- 
sis among different populations (separated by device, 
pharmacologic therapy, morphologic characteristics, 
and so forth) can thus be compared in terms of their 
corresponding differences in the mean acute gain and 
mean late loss, although individual patients can have a 
wide range of responses within each population due to 
the broad normal distribution of late loss. 

When we first applied these techniques to patients 
who had undergone Palmaz-Schatz stenting or direc- 
tional coronary atherectomy,! we observed a difference 
in apparent restenosis rate by device (19% for stents 
versus 3196 for atherectomy, p — 0.02) in our patients. 
While we believed that this was likely to be the result of 
the slightly greater acute gain seen with stenting, we 
recognized that it may also have reflected significant 
differences in the patient populations treated. One such 
difference was that the stent was used mostly in right 
coronary artery lesions, because its early delivery sys- 


(Css restenosis after conventional balloon angi- 
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TABLE I Baseline Demographic and Angiographic Variables 


Overall 





Baseline demographics 


Stent 


Atherectomy 


p Value* 





Patients (no.) 400 90 310 
Lesions (no.) 449 102 347 
Age (years) 56.7 + 11.0 57 +11 56.6 + 11.0 0.77 
Sex (% men) 82.2 82.2 82.3 0.99 
Prior restenosis (%) 57.8 71.1 53.4 0.003 
Coronary location 
Left anterior descending 217 (59%) 28 (31%) 190 (68%) 
Left circumflex 35 (10%) 13 (15%) 22 (8%) 
Right coronary artery 115 (31%) 49 (54%) 70 (24%) 
Acute procedural variables 
Reference diameter (mm) 3.17 + 0.66 3.26 + 0.58 3.14 + 0.68 0.15 
Preprocedure diameter (mm) 0.78 + 0.46 0.73 + 0.50 0.79 + 0.44 0.25 
Lesion length (mm) 6.70 + 4.64 7.95 + 3.07 6.17 + 5.08 0.003 
Postprocedure diameter (mm) 3.02 + 0.68 3.40 + 0.60 2.90 + 0.67 <0.001 
Postprocedure % stenosis B £17 —4 x 13 9 * 18 « 0.001 
Acute gain (mm) 2.24 + 0.72 2.67 + 0.62 2.10 + 0.70 « 0.001 
Gain index (acute gain/reference) 0.73 + 0.25 0.84 + 0.21 0.69 + 0.25 <0.001 
Follow-up variables 
Late diameter (mm) 1.97 + 0.94 2.18 + 0.92 1.91 + 0.94 0.02 
Late loss (mm) 1.03 + 0.96 1.22 + 0.90 0.97 + 0.97 0.03 
Loss index (late loss/acute gain) 0.45 + 0.49 0.47 + 0.36 0.45 + 0.53 0.75 
Late % stenosis 36 + 28 33 + 24 37 + 29 0.23 
Restenosis rate (%)t 28.8 25.6 30.0 0.42 


"Difference between the stent and atherectomy groups. 
tDefined as > 50% diameter stenosis. 


tem made left anterior descending implantation diffi- 
cult. As the percentage of left anterior descending le- 
sions in our stent cohort has risen (after the introduction 
of an improved stent delivery system), our overall stent 
restenosis rate has also risen from 19 to 25%. The pur- 
pose of this study was to explore whether the interval 
shift in lesion location may have influenced the observed 
increase in restenosis, and to determine its mechanism 
of acute gain and late loss. 


METHODS 

Study patients: Directional coronary atherectomy 
was performed on 347 native coronary segments in 310 
consecutive patients (134 segments at Beth Israel Hos- 
pital between August 1988 and January 1991, and 213 
segments at Sequoia Hospital between January 1988 
and November 1989). Palmaz-Schatz stenting was per- 
formed on 102 native coronary arteries in 90 patients at 
the Beth Israel Hospital between June 1988 and Janu- 
ary 1991. Both coronary interventions were performed 
under protocols approved by the respective hospital's 
committees on clinical investigation. 

Angiographic analysis: Angiography was performed 
immediately before and after each intervention, and was 
repeated 6 months (6.0 + 2.2 months) after intervention 
in 323 patients, and in 367 segments (Table I) repre- 
senting 82% angiographic follow-up. Coronary arterial 
dimensions were determined by caliper measurements 
obtained on projected flat images of selected optically 
magnified cine frames, referenced to the known diame- 
ter of the angiographic catheter.2~5 Almost all views for 
analysis were performed on a magnified “5 inch mode,” 
with the target lesion and reference guide catheter in 
the same plane, maximally elongated, and centered to 
reduce foreshortening and pincushion effect. Measure- 


ments included the minimal luminal diameter of the 
treated coronary segment and the reference diameter 
(taken as the mean diameter of the normal-appearing 
proximal and distal segment), before and after each in- 
tervention and at follow-up. Intravenous nitroglycerin 
(200 ug) was administered immediately before and af- 
ter intervention. 

Statistical analysis: All analyses were based on the 
367 treated segments with angiographic follow-up, and 
values were reported as mean + standard deviation. 
Comparisons of selected variables between lesion groups 
were performed using chi-square for count data, and 
analysis of variance or unpaired ¢ test for continuous 
data. Restenosis was defined using 2 indexes based on 
the 6-month angiographic result: (1) a dichotomous def- 
inition based on 25046 diameter stenosis, or (2) the ab- 
solute percent stenosis at the treated site. Selected vari- 
ables were examined further in univariable models of 
dichotomous restenosis (by logistic regression) or late 
percent stenosis (by linear regression). Step-up multi- 
variable models were then constructed by entering uni- 
variable determinants according to p values <0.10. 
Multivariable determinants were considered significant 
at p S0.05. A multivariable model of binary restenosis 
based only on the immediate result (postprocedure lu- 
minal diameter) and the proportion of left anterior de- 
scending lesions treated, was used to predict restenosis 
rates for comparison with observed rates in both the 
previous and the current study. 


RESULTS 

Baseline demographic and angiographic variables: 
There were no differences in either age or gender mix 
between the stent and atherectomy-treated patients, al- 
though the stent group had a higher (71%, p = 0.003) 
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TABLE II Angiographic Variables by Coronary Location 


Left Anterior 
Descending 























incidence of prior restenosis (Table I). Examination of 
the distribution of treated lesions demonstrates signifi- 
cant differences (p <0.001) in coronary location, with a 
higher proportion of left anterior descending vessels 
treated by atherectomy (68 vs 31% for stents), and a 
lower proportion of right coronary artery vessels (24 vs 
54% for stents). 

There were no significant differences in the refer- 
ence diameter or the diameter before the procedure 
(Table I) between the 2 groups, although lesions treated 
by stenting were slightly longer (7.95 vs 6.17 mm for 
atherectomy, p = 0.003). However, there were marked 
differences in the acute results, because stented lesions 
had larger mean immediate postprocedure luminal di- 
ameter, acute gain in luminal diameter, and “gain in- 
dex” (acute gain divided by reference diameter) with a 
lower mean residual postprocedure percent stenosis (all 
p values <0.001). Late (6-month follow-up) angio- 
graphic measurements demonstrated larger mean lumi- 
nal diameter in the stented group (p = 0.02, compared 


with the atherectomy group), but no significant differ- . 


ences in the late percent stenosis or the dichotomous 
restenosis rate (Table I). Although late loss was larger 
in the stented lesions (p = 0.03), late loss corrected for 
differences in acute gain (i.e., the loss index) was not 
significantly different. 

Angiographic variables by coronary location: When 
vessels (pooled from both device cohorts) were stratified 
by coronary location, differences in both the acute and 
the late (6-month) result were evident (Table IT). Right 
coronary arteries had a larger (3.46 mm) mean refer- 
ence diameter than either the left anterior descending 
(3.03 mm) or the circumflex (3.01 mm) arteries, both 
for the combined group (p «0.001), and for the stent 
(p = 0.01) or atherectomy (p <0.001) subsets taken in- 
dividually. Intervention in these larger right coronary 
arteries resulted in greater mean acute gain in luminal 
diameter (p «0.001) and a larger mean immediate 
postprocedure lumen diameter (p «0.001). The postpro- 
cedure percent stenosis and the acute gain corrected for 
differences in reference diameter, (i.e. the gain index), 
however, were not significantly different among the 3 


D a oe 





Right 
Left Coronary 
Circumflex Artery p Value 





Lesions (no.) 206 35 126 

Procedural variables 
Reference diameter (mm) 3.03 + 0.58 3.01 + 0.55 3.46 + 0.72 <0.001 
Preprocedure diameter (mm) 0.79 + 0.40 0.70 + 0.44 0.77 + 0.54 0.12 
Lesion length (mm) 6.49 + 4.75 6.62 + 3.56 7.19 + 4.74 0.002 
Postprocedure diameter (mm) 2.94 + 0.62 2.84 + 0.57 3.25+0.77 « 0.001 
Postprocedure % stenosis de ou VI 31417 6 * 18 0.70 
Acute gain (mm) 2.15 + 0.69 2.14 + 0.49 2.49 + 0.79 « 0.001 
Gain index (acute gain/reference) 0.73 + 0.26 0.73 + 0.17 0.74 + 0.24 0.96 

Follow-up variables 
Late diameter (mm) 1.82 + 0.91 1.84 + 0.83 2.31 + 0.95 « 0.001 
Late loss (mm) 1.12 + 0.95 1.00 + 0.81 0.90 + 0.99 0.23 
Loss index (late loss/acute gain) 0.52 + 0.51 0.46 + 0.34 0.35 + 0.43 0.009 
Late % stenosis 39 + 26 37 + 24 30 + 31 0.01 
Restenosis rate (%)* 35 23 18 0.009 


*Defined as > 50% diameter stenosis. 


coronary locations (p = 0.70 and 0.96, respectively, Ta- 
ble II). 

At 6-month angiographic follow-up, the dichoto- 
mous restenosis rates were highest for left anterior de- 
scending (35%) than for left circumflex (23%) or right 
coronary (18%, p = 0.009) arteries (Table II). These 
differences in restenosis rates based on coronary loca- 
tion were maintained in the subsets of stent- (left anteri- 
or descending = 44%, left circumflex = 28%, and right 
coronary = 13%, p — 0.008) and atherectomy-treated 
(left anterior descending = 35%, left circumflex = 19%, 
and right coronary = 22%, p = 0.10) lesions (Figure 1). 
As such, the differences in late results by coronary loca- 
tion might have been due to either differences in the 
absolute postprocedure luminal diameter, or to differ- 
ences in subsequent loss in luminal diameter. Simple ex- 
amination of absolute late loss in luminal diameter dis- 
closes only a trend for larger late loss in the left anterior 
descending artery (1.12 mm) than in the left circumflex 
(1.00 mm) or right coronary (0.90 mm, p = 0.23) arter- 
ies. Because absolute late loss is itself positively correlat- 
ed with acute gain (correlation = 0.37, p <0.001), we 
also examined the loss index to correct for any differ- 
ences in acute gain. Loss index was found to be signifi- 
cantly larger for the left anterior descending artery 
(0.52), than for the circumflex (0.46) and right coro- 
nary (0.35, p <0.001) arteries (Table IT). 

Examination of the angiographic measurements and 
indexes among the 3 coronary locations demonstrates 
that right coronary segments had both a larger mean 
postprocedure luminal diameter and lower mean “loss 
index." It is thus the differences in both the absolute 
acute result and in the proliferative potential (reflected 
by the loss index) that explain the significant differ- 
ences in restenosis rates and late percent stenosis ob- 
served among coronary locations. 

Determinants of restenosis: Although there were no 
significant differences in late percent stenosis or reste- 
nosis rate between stent- and atherectomy-treated le- 
sions (Table I), there were significant differences in 
these measures once each group was stratified by coro- 
nary location (Table II). To examine whether the asso- 
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ciation between coronary location and restenosis (Table and binary restenosis (logistic, defining restenosis as 
IT) might have been influenced by potential confounders >50% diameter stenosis) were constructed. Variables 
(such as the device type or the acute results), separate found to differ significantly between stent- and atherec- 
regression models of the late percent stenosis (linear) tomy-treated lesions (Table I) or among coronary loca- 
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FIGURE 1. Distribution of percent stenosis at 6-month angiographic follow-up by coronary location and device. Comparison of 
late results between coronary location (right coronary artery [RCA] vs left anterior descending artery [LAD]) for Palmaz-Schatz 
stents (fop) and directional atherectomy (bottom) are displayed. In this definition-independent view of restenosis, the percent 
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TABLE Wl Univariable and Multivariable Determinants of Restenosis 


Restenosis (> 50%) 


EE 


p Values for 


Covariables Univariable 


Postprocedure diameter 
Left anterior descending 
Right coronary artery 

Left circumflex 

Reference diameter 

Prior restenosis 

Lesion length 

Acute gain 

Postprocedure % stensosis 
Device type 


Chi-square (2 df) = 19.18* 

p = 0.0001 

Intercept = 0.0362 

Left anterior descending (B) = 0.787 
Postdiameter (B) = —0.494 


*Log likelihood = —205.3. 
df = degrees of freedom. 


tions (Table II) were entered into multivariable models 
(Table III). The models demonstrated to what extent 
the effect of coronary location on restenosis was due to 
location itself, rather than simply to differences in the 
acute results in the different coronary locations. 

The postprocedure luminal diameter was found to be 
a strong univariable and independent multivariable pre- 
dictor of both late percent stenosis and binary resteno- 
sis. The reference artery diameter and acute gain were 
also found to be univariable determinants of restenosis, 
but were rejected after adjustment by the stronger post- 
procedure lumen diameter variable. Prior restenosis, le- 
sion length, postprocedure percent stenosis and the spe- 
cific device type (stent vs atherectomy) were not found 
to be associated with either measure of restenosis in the 
multivariable models. 

Coronary location was specifically evaluated by us- 
ing individual binary variables for each vessel location: 
Both the left anterior descending and right coronary lo- 
cations were found to be significant univariable predic- 
tors of restenosis (Table III). The adjusted odds ratio of 
binary restenosis left anterior descending versus non-left 
anterior descending treated lesions was 2.20 (95% confi- 
dence interval: 1.33, 3.64). The binary “left anterior de- 
scending” variable remained the strongest independent 
predictor of restenosis in the multivariable model (Fig- 
ure 2), even after adjustment for the postprocedure lu- 
minal diameter. 

A previous analysis of restenosis and the apparent 
influence of coronary location: In an earlier publication, 
we observed significantly lower (19%) 6-month resteno- 
sis rate after coronary stenting compared with that after 
directional atherectomy (31%, p = 0.02), and speculat- 
ed that this difference might be due to the larger acute 
gain and postprocedure luminal diameter produced by 
stenting.! The current study (which is based on a larger 
data set that encompasses the previously studied le- 
sions), still shows a lower restenosis rate for stents 
(25%) than for atherectomy (30%), but that difference 
is no longer statistically significant (Table I). Whereas 
the restenosis rate has remained stable at 30 to 31% for 








Late % Stenosis 


Multivariable* Univariable Multivariablet 


F (2 df) = 13.96 

p <0.0001 

Intercept = 59.8 

Left anterior descending (8) = 6.33 
Postdiameter (mm, B) = —9.28 


atherectomy (Table IV), it has risen (from 19 to 25%) 
for the stented lesions. To understand this interval in- 
crease in restenosis, we examined immediate postproce- 
dure lumen diameter and coronary location, since the 
current study shows that both are independent determi- 
nants of restenosis (Table III, Figure 2). 

Although there were no important differences be- 
tween the prior and current studies in the acute results 
of either stenting or atherectomy (Table IV), there was 
an increase in (from 18 to 31%) in the percent left ante- 
rior descending lesions in the stent group. To determine 
whether that increase in left anterior descending lesions 
alone could have resulted in the higher restenosis rates 
observed for the current stent group, we compared these 
actual restenosis rates with those predicted by the multi- 
variable model. There is a high degree of agreement 
between the actual restenosis rates observed during pre- 
vious and current studies, and the restenosis rates pre- 
dicted by our model (Table IV). The increase in reste- 


2.75 mm 
3.00 mm 


3.25 mm 
3.50 mm 


Post-procedure 
Luminal Diameter 


Probability of Restenosis 


20 40 60 80 
Percent LAD Lesions Treated 


displayed 
nosis (defined as >50% diameter stenosis, Table Ill). 
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TABLE IV Examination of Actual and Predicted Restenosis Rates (defined as > 50% 
diameter stenosis) for a Prior Study?? and the Current Study 


Study Device 


Stent 
Atherectomy 
Stent 


Kuntz et al2° 


Current study 


Atherectomy 


Restenosis Rate (%) 


LAD 


PLD (mm) Actual Predicted* 


*By the current model using postprocedure luminal diameter and percentage of left anterior descending lesions treated. 
= left anterior descending artery; PLD = postprocedure luminal diameter. 


nosis rate of stented lesions was thus almost completely 
explicable by the increase in percentage of left anterior 
descending lesions treated. 

Restenosis is thus determined by both the immediate 
result and the percentage of left anterior descending le- 
sions treated (Table III). The effect of these variables 
on restenosis is evident in Figure 2, which relates the 
postprocedure lumen diameter and the percentage of 
left anterior descending vessels treated to the probabili- 
ty of restenosis. Because there is no device effect in any 
of our multivariable models of restenosis, it appears that 
the probability of restenosis may be predicted from the 
mean postprocedure luminal diameter and the percent- 
age of left anterior descending lesions treated, regard- 
less of whether that result was obtained by stenting or 
directional atherectomy. 


DISCUSSION 

Association of coronary location and restenosis af- 
ter balloon angioplasty: Many previous 
studies have demonstrated higher rates of restenosis for 
ostial and proximal’ lesions (regardless of coronary lo- 
cation) and for lesions in the left main stem.’ The left 
anterior descending artery has also been shown to be 
associated with a significantly higher risk of restenosis 
for angioplasty performed electively,?-!6 for unstable 
angina!’ and for chronic total occlusion.!? Although 
some other studies have failed to show increased rates of 
restenosis for the left anterior descending artery,!? no 
study has demonstrated a significantly increased rate of 
restenosis for either the circumflex or right coronary 
arteries. 

Examination of restenosis after endoluminal stent- 
ing or atherectomy: In our prior study! (based on 169 
consecutive native coronary lesions treated at the Beth 
Israel Hospital), we observed a significantly (p = 0.02) 
lower restenosis rate, as defined by 250% diameter ste- 
nosis after Palmaz-Schatz stenting (19%) compared 
with directional atherectomy (31%). These apparent 
differences in restenosis appeared to be due to dif- 
ferences in the mean acute gain in luminal diameter 
provided by stenting (2.57 mm) compared with atherec- 
tomy (2.22 mm, p <0.001), since there was no signifi- 
cant difference in subsequent late loss in luminal diame- 
ter at 6-month angiographic follow-up (1.08 mm for 
stenting, 1.02 mm for atherectomy, p = 0.91). 
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The current study (based on 367 consecutively treat- 
ed native coronary lesions from 2 centers, including all 
169 lesions from the prior study) now fails to show a 
significant difference (p — 0.42) in restenosis rate of 
stenting (25%) and directional atherectomy (30%, Table 
I). Although the restenosis rate for atherectomy has re- 
mained stable (31% for the first 107 lesions treated, 
compared with 30% for the current 277 treated lesions), 
the restenosis rate for stenting has risen (from 19% for 
the first 62 treated lesions to 25% for the current 90 
treated lesions). Although the percentage of left anteri- 
or descending lesions is similar between the 2 atherec- 
tomy cohorts (66 to 68%), there has been a marked in- 
crease (18% for the first study to 31% for the current 
study) in the number of left anterior descending lesions 
in the stent group. In fact, 17 (61%) of the 28 additional 
stent lesions were in the left anterior descending artery. 
Analysis of restenosis by coronary location (Table II), 
multivariable analysis of the determinants of restenosis 
(Table III), and comparison of actual and predicted re- 
stenosis rates (Table IV) demonstrate that most of the 
apparent increase in the stent restenosis rate over time 
can be accounted for by the corresponding increased 
prevalence of left anterior descending lesions treated by 
stenting over time. 

Determinants of restenosis include the acute gain in 
luminal diameter and the coronary artery treated, not 
the specific device used: In both multivariable models 
(binary restenosis and late percent stenosis, Table III) 
the immediate result (postprocedure luminal diameter) 
and the coronary location (i.e., whether the treated le- 
sion was in the left anterior descending coronary artery) 
were strong independent determinants of restenosis. In- 
deed, this parsimonious model accurately predicted the 
actual restenosis rates observed, both in the prior and 
the current study (Table IV). Table IV shows that the 
actual and predicted restenosis rates have remained sta- 
ble for directional atherectomy (3196 for the initial 90 
lesions vs 3096 for the current 279 lesions) because both 
independent determinants of restenosis have also re- 
mained stable in the lesions treated by this device. The 
restenosis rate for the stented lesions, however, appears 
to have increased because of the increase in the number 
of left anterior descending lesions treated, despite a sta- 
ble postprocedure luminal diameter. In fact, the in- 
crease in restenosis rate of left anterior descending 
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arteries compared with right coronary segments was 
greater for stents (44 vs 13%) than for atherectomy (35 
vs 22%, Figure 1). This explains why the observed (19 
to 25%) increase in binary restenosis was slightly great- 
er than the increase (18 to 21%) predicted by the de- 
vice-independent model based on the proportion of left 
anterior descending segments treated. 

In the prior study of Schatz-Palmaz stenting and di- 
rectional atherectomy, differences in the restenosis rates 
were attributed to the larger immediate postprocedure 
luminal diameter provided by stenting. With no appar- 
ent differences in late loss between the devices, stenting 
itself appeared to have no ability to reduce restenosis 
other than by its ability to provide a larger lumen. In 
the current study, stenting continues to provide superior 
acute results (larger acute gain and gain index, and re- 
duced residual percent stenoses, all p values <0.001). 
With a closer match of the percentage of left anterior 
descending lesions treated, however, the 0.5 mm larger 
acute lumen diameter provided by the stent accounts for 
only a small (25 vs 30% for atherectomy) and statisti- 
cally insignificant persistent benefit in restenosis rate. 

Late loss index is increased after intervention of the 
left anterior descending artery: This study is the first to 
propose that the increased tendency of the left anterior 
descending artery to develop restenosis may be the re- 
sult of its greater propensity for neointimal response af- 
ter stenting or directional atherectomy. Although the 
left anterior descending artery showed no differences in 
absolute late loss at 6-month angiography, late loss it- 
self is linearly correlated with the acute gain in luminal 
diameter for any vessel, so that increases in acute gain 
would be expected to increase subsequent in late loss.?? 
The loss index corrects for differences in acute gain, and 
proved to be significantly different (p = 0.009) among 
the 3 coronary locations (p = 0.23, Table IT). Loss in- 
dex was largest (0.52) for the left anterior descending 
artery, so that the increased risk of restenosis seen in the 
current as well as many previous studies with conven- 
tional angioplasty may be due to an increased propensi- 
ty for luminal renarrowing. Speculation for the mecha- 
nism of luminal renarrowing must be based largely on 
an increase in intimal hyperplasia,?!-?^ because elastic 
recoil after the postprocedure angiogram has been 
shown to be minimal or nonexistent for conventional 
balloon angioplasty2??6 or atherectomy,” and is very 
unlikely after stenting. 

Study limitations: This study has several potential 
limitations: First, the use of digital calipers rather than 
computer-aided edge detection might be questioned. In 
fact, the caliper techniques used here (measurement 
from projected and thus magnified images) have shown 
excellent correlation (R? = 0.93) with computer tech- 
niques in our laboratory. Second, although this analysis 
was based on coronary location, we did not evaluate the 
effect of location within each coronary vessel (i.e., the 
proximal to distal location), because the majority of tar- 
get lesions were located in the proximal portion of each 
vessel treated. Third, our finding of an increased loss 
index in left anterior descending segments may be diffi- 


cult to apply to conventional balloon angioplasty. The 
acute result (3.02 mm mean postprocedure luminal di- 
ameter) that we saw after stenting or atherectomy was 
significantly larger than the acute result (1.77 mm) 
seen in the recent negative study by Hermans et al!? of 
the influence of coronary location on restenosis. The pa- 
rameter "relative loss" (late loss divided by reference 
diameter) used by Hermans may also be a less sensitive 
discriminator than the loss index (late loss divided by 
acute gain) used in the current study to show a highly 
significant difference in the proliferative response of left 
anterior descending (loss index of 0.52) versus right cor- 
onary (loss index of 0.35, p = 0.009) lesions. 
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Familial hypercholesterolemia (FH), a genetic dis- 
ease characterized by increased levels of total and 
low-density lipoprotein cholesterol in the blood, re- 
sults in a markedly increased incidence of athero- 
sclerosis and coronary artery disease in homozy- 
gotes and to a lesser extent in heterozygotes. The 
purpose of this study was to detect the presence 
of myocardial ischemia, particularly in heterozy- 
gotes, with stress single-photon emission comput- 
ed tomography thallium-201 scanning and to de- 
termine if there were any differentiating variables 
between heterozygotes with normal and abnormal 
thallium-201 scans. Fifty-four patients (mean age 
16 years; range 8 to 24) with FH were analyzed (4 
homozygotes and 50 heterozygotes). Eleven het- 
erozygotes and 3 homozygotes had abnormal thal- 
lium-201 scans. Family history, lipid profile, age 
and sex of heterozygotes with FH did not predict 
the presence of myocardial ischemia. The mean to- 
tal cholesterol level in heterozygotes with normal 
thallium-201 scans was 7.68 + 2.29 mmol/liter 
(297 mg/dl), which was not significantly different 
from that in heterozygotes with abnormal scans 
(7.63 + 1.07 mmol/liter [295 mg/dl]; p = 0.91). 
The coronary angiography of 1 homozygote who 
had an abnormal thallium-201 scan demonstrated 
a 50% stenosis of the left anterior descending ar- 
tery. Aggressive, repetitive plasma exchange was 
then instituted. The 11 heterozygotes with abnor- 
mal thallium-201 scans underwent more rigorous 
dietary and drug therapy. It is concluded that 
myocardial ischemia with stress in heterozygotes 
with FH can occur at a young age and that thalli- 
um-201 scanning should be performed early as a 
screening test and to guide patient management. 
(Am J Cardiol 1992;70:1109-1112) 
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characterized by increased levels of total and 
low-density lipoprotein (LDL) cholesterol in the 
blood, is a genetic disorder with autosomal dominant 
transmission that affects approximately 1 in 500 hetero- 
zygotes and 1 in one million homozygotes in the general 
population. The premature development of atherosclero- 
sis with increased morbidity and mortality from coro- 
nary artery lesions is well-recognized in this condition.! 
Pathologic and clinical evidence indicates that the diag- 
nosis can be obtained in childhood. Although most sub- 
jects affected are asymptomatic and appear healthy, 
their abnormal lipid profile places them at risk for de- 
veloping early coronary artery disease. Therefore, pri- 
mary preventive measures should be begun at a young 
age.” 
The Cardiology Division at the Hospital for Sick 
Children in Toronto, Ontario, established a program for 
the identification and treatment of children, adolescents 
and young adults with FH in 1972. The modified diets 
prescribed for patients with FH are designed to reduce 
LDL cholesterol. Some patients receive drug therapy if 
an adequate response is not achieved in adolescence. 
Noninvasive assessment of myocardial ischemia is 
important to planning appropriate therapeutic strategies 
that will help patients avoid sequelae, such as myocardi- 
al infarction. Although it has been established that pa- 
tients with homozygous FH almost invariably develop 
coronary artery disease early,’ features that may help 
to predict which heterozygotes have coronary arterial 
changes and at what age they occur have not been de- 
termined. Single-photon emission computed tomogra- 
phy thallium-201 scanning in children has proved to be 
a useful technique for monitoring changes in myocardi- 
al perfusion secondary to medical or surgical treat- 
ment.* The purpose of this study was twofold: (1) to 
detect the presence of myocardial ischemia in asympto- 
matic heterozygous adolescents and young adults with 
FH after physical stress induced by exercise with thalli- 
um-201 scanning, and (2) to determine at what age 
these changes occurred and if they were related to fami- 
ly history and lipid profile. 


fF ine hypercholesterolemia (FH), a disease 


METHODS 

Patients: Fifty-four asymptomatic adolescent and 
young adult patients with FH and no symptoms of myo- 
cardial ischemia were evaluated after exercise with sin- 
gle-photon emission computed tomography thallium- 
201 scanning for the presence of coronary artery 
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disease. In all, 88 thallium-201 scans were obtained. 
Thirty-four male and 20 female patients (mean age 16 
years, range 8 to 24) were assessed. Four patients (3 
male and 1 female) were homozygotes, and the other 50 
(31 male and 19 female) were heterozygotes. The ages 
of heterozygous and homozygous patients were compa- 
rable; there was no statistically significant difference in 
height (heterozygotes: mean 165 cm; and homozygotes: 
mean 146 cm) and weight (heterozygotes: mean 51 kg; 
and homozygotes: mean 44 kg) between the 2 groups. 
All patients were nonsmokers. 

The diagnosis was established by family history and 
lipid profile and, additionally in homozygotes, typical 
clinical features such as planar and tendinous xantho- 
mas. Serum total cholesterol, LDL and high-density 
lipoprotein (HDL) cholesterol and triglyceride levels 
were measured in all patients at the time of the initial 
thallium-201 scans. Mean total cholesterol was 14.75 + 
5.53 mmol/liter (570 mg/dl) for homozygotes and 7.67 
+ 2.08 mmol/liter (296 mg/dl) for heterozygotes. Simi- 
larly, LDL cholesterol level was greater for homozy- 
gotes (13.19 + 5.96 mmol/liter [509 mg/dl]) than for 
heterozygotes (6.06 + 2.10 mmol/liter [234 mg/dl]). 
There was no statistically significant difference between 
the lipid profiles for each sex. Three of 4 homozygotes 
were receiving repetitive plasma exchange as part of 
therapeutic management. Treatment of heterozygotes 
consisted of a fat-modified diet with or without choles- 
tyramine medication; compliance with treatment was 
variable. 

Family data: All 4 homozygotes had both parents 
alive and well, except for the father of 1 who had histo- 
ry of angina. The fathers of 18 heterozygotes had died 
as a result of coronary artery disease (mean age 38 
years, range 25 to 55). Twelve other heterozygotes had 
1 parent with history of ischemic heart disease (includ- 
ing myocardial infarction), and 6 of these parents had 
undergone coronary bypass surgery. Two of the 12 par- 
ents with coronary artery disease had spouses who had 
died from myocardial infarction. 

Stress aphic data: The level of exer- 
cise achieved by both homozygotes and heterozygotes 
was similar. Likewise, the exercise level for both sexes 
was similar, except that the maximal power achieved by 
female patients was significantly lower. All heterozy- 
gous patients had normal resting electrocardiograms 
that indicated no significant ischemic changes on stress 
electrocardiograms. Two homozygous patients devel- 
oped significant ST-segment depression with exercise. 

scanning: Informed consent was obtained 
from all patients. Each patient was asked to fast on the 
day of the study. Exercise was performed according to a 
modified protocol of James et al^; patients rode a bicy- 
cle in an upright position with work load increments of 
150 W at 3-minute intervals. Exercise was terminated 
at maximal work load or because of fatigue or signifi- 
cant electrocardiographic abnormalities. Resting and 
maximal heart rate and maximal power achieved were 
measured. The maximal thallium-201 dose of 74 MBq 
(based on weight) was administered intravenously ap- 
proximately 1 minute before exercise was stopped. Post- 
stress images were obtained 4 minutes after and redis- 


tribution images 3 hours after exercise ended. Patients 
were allowed a light meal between poststress and redis- 
tribution images to minimize splanchnic blood flow. 

We used a GE Starcam 3000 XR/T or gamma 
camera (Milwaukee, Wisconsin) with a single, rectan- 
gular head and a high-resolution parallel-hole collima- 
tor to perform these studies. For each set of images 
(i.e., poststress and redistribution), sixty-four 30-second 
frames were obtained over a 180° arc from the 45° 
right anterior oblique to the 45° left posterior oblique 
position. Images were obtained on a 128 X 128 matrix 
with a 1.3 zoom. Reconstructed tomograms (2 pixels/ 
slice of the short vertical and horizontal axes) were ob- 
tained after filtered back projection using a Hanning 
filter with a cutoff of 0.833. Ten-percent background 
subtraction was then performed to clarify the dis- 
play. One of 2 experienced nuclear medicine physicians 
(DLG or JMA) unaware of clinical and laboratory data 
interpreted each scan. If the presence of the lesion was 
equivocal, the 2 interpreters reached a decision by con- 
sensus. Reversible perfusion defects were defined as 
photon-deficient areas in the myocardium detected on 
poststress images that resolved on 4-hour delayed im- 
ages. Fixed perfusion defects were defined as photon- 
deficient areas that did not resolve on delayed images. 

Statistical analysis: Data are expressed as means 
and SD. Normal probability plots were used to assess 
the normality of continuous variables. In the case of 
equal variance, means of continuous variables were 
compared with a 2-tailed Student's ¢ test. When there 
was evidence of unequal variances, the p value of an 
approximate f statistic was used. Statistical tests were 
performed only when the number of subjects in each 
comparison group was sufficiently large (n >10). For 
each comparison of means, the 95% confidence interval 
on the difference of the means was calculated. The fold- 
ed form of the F statistic was used to test the equality of 
variances. 

Dichotomous variables were tested with the conti- 
nuity-corrected chi-squared statistic. If expected cell 
counts were small, Fisher's exact test was used. Step- 
wise logistic regression and discriminant analysis were 
used to determine whether lipid profiles distinguished 
between normal and abnormal thallium scan results af- 
ter adjustment for demographic variables. The results 
were consistent with our univariate analyses; hence, 
only the univariate results were reported. Minitab and 
SAS were used for all statistical analyses. 


RESULTS 

Stress thallium results for homozygotes: Three of 4 
homozygotes had abnormal thallium scans. The thalli- 
um scan of the other homozygote was normal; angiogra- 
phy also revealed normal coronary arteries. Angiog- 
raphy for 1 homozygous patient who had reversible 
ischemia of the anterior wall and upper septum demon- 
strated a 5096 stenosis of the left anterior descending 
coronary artery. Repeat stress thallium scanning after 5 
years of repetitive plasma exchange revealed no perfu- 
sion abnormality. Follow-up angiography showed only 
minimal aortic plaques and normal coronaries. The 
youngest homozygous patient (6 years) had a reversible 
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perfusion defect involving the distal anterolateral wall 
and apex (Figure 1, left); his angiogram demonstrated 
60% stenosis of the left coronary artery. Stress thallium 
scanning (Figure 1, right) 1 year after reimplantation of 
his proximal left coronary artery into the aorta was nor- 
mal, and repeat angiography showed patency of the cor- 
onaries with no evidence of progressive atherosclerosis. 
A third homozygote with reversible ischemia of the an- 
terolateral wall, who underwent ultrasound with normal 
motion of the ventricular wall, had plaque formation in 
the aortic root and has refused coronary angiography. 

Stress thallium results for heterozygotes: There 
were 39 normal and 11 abnormal stress thallium scans 
among heterozygotes. Scans identified fixed perfusion 
defects in 3 heterozygotes and reversible perfusion de- 
fects in 8 (Figure 2). The youngest (11.5 years) hetero- 
zygous patient with an abnormal thallium-201 scan had 
a mild reversible perfusion abnormality of the septum. 
Three heterozygotes (aged 18, 20 and 20 years) whose 
abnormal thallium scans showed reversible ischemia 
had the same reversible perfusion defects on repeat thal- 
lium-201 scanning 10 to 11 months later. No heterozy- 
gote underwent coronary angiography. 

Heterozygotes with normal versus abnormal thalli- 
um-201 scans: The ages of patients with normal and 
abnormal scans were comparable, and there were no 
statistically significant differences in height and weight. 





FIGURE 1. Left, single-photon emission computed tomography halium-201 study of 6-year kd homozygote 
Perfusion defect (arrows) of anterolateral wall and apex with exercise (A), which resolves with redistribu- 


The lipid profiles of the 2 groups were not significantly 
different (p = 0.91), and the level of exercise was also 
similar. There were 4 male and 7 female heterozygotes 
with abnormal thallium scans. No difference was found 
between male and female heterozygotes with abnormal 
thallium scans when age, height, weight and lipid pro- 
file were measured. The level of exercise achieved was 
also similar. 

There was no clinically important difference in fami- 
ly history of coronary artery disease between heterozy- 
gotes with abnormal and normal thallium scans. Five of 
11 heterozygotes (45%) with abnormal thallium scans 
(mean age 16 years) had a positive family history of 
ischemic heart disease, whereas 21 of 39 (53%) with 
normal scans (mean age 14 years) had a positive family 
history (p = 0.88). 


DISCUSSION 

The efficacy of thallium-201 scanning in adults has 
been well-established. The overall sensitivity and speci- 
ficity in detecting stress-induced myocardial ischemia 
are 80 to 90% and 90%, respectively.” Although it is 
generally agreed that the efficacy of thallium-201 scan- 
ning in children is similar to that in adults,8-!° no large 
clinical trials have been performed in children. Gutge- 
sell et al!! used thallium-201 scanning to help distin- 
guish the presence of an anomalous left coronary artery 
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perfusion defect of anterolateral wall and apex has resolved. A, postexercise images, and B, redistribution images. Top, middle 


and bottom rows represent short, vertical and horizontal axes, 
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emission computed tomography 
thallium-201 study in 16-year-old heterozygous female with 
familial hypercholesterolemia. Postexercise images (A) dem- 
onstrate perfusion defect (arrows) of anterolateral wall and 
apex, which resolves with redistribution (B). Top, middle and 
bottom rows represent short, vertical and horizontal axes, re- 
spectively. 


from congestive cardiomyopathy. In that study, only 1 
of 9 patients with congestive cardiomyopathy had a lo- 
calized myocardial perfusion defect, whereas all 7 chil- 
dren with an anomalous left coronary artery had local- 
ized perfusion defects, including 2 who were asympto- 
matic. Kondo et al!? demonstrated 90% sensitivity and 
specificity in quantitative single-photon emission com- 
puted tomography thallium-201 scanning used in chil- 
dren with Kawasaki's disease. To our knowledge, there 
have been no other studies that analyzed the role of 
stress thallium-201 scanning in adolescents with FH. In 
3 homozygotes who had coronary angiography in our 
study, there was complete concordance with the results 
of thallium-201 scanning that demonstrated the high in- 
cidence of myocardial ischemia expected in this patient 
cohort. One homozygous patient demonstrated angio- 
graphically and scintigraphically proven resolution of 
reversible myocardial ischemia of the left anterior de- 
scending artery after 5 years of repetitive plasma ex- 
change and did not need coronary artery bypass graft- 
ing. 
We found no differentiating features between het- 
erozygotes who had abnormal and normal thallium-201 
scans. Stress electrocardiograms were normal in both 
groups. No sex difference was detected. Lipid profiles 
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were also similar in both groups. The presence of family 
history of ischemic heart disease did not help predict 
which heterozygotes would have evidence of myocardial 
ischemia, as demonstrated by thallium-201 scanning. 
The use of coronary angiography in our young pa- 
tients with FH to confirm the thallium-201 scan results 
was not indicated, because they were asymptomatic and 
had normal stress electrocardiograms. However, we be- 
lieve that our study indicates that silent myocardial is- 
chemia is a common and unexpected finding that war- 
rants further study. Clearly, the finding of a reversible 
perfusion defect on stress thallium-201 scanning indi- 
cates the need for treatment with more specific drugs 
such as the 3-hydroxy-3-methylglutaryl coenzyme A re- 
ductase inhibitors that at present are not recommended 
in general for patients aged <21 years. In 2 homozy- 
gotes in our study, the results of the stress thallium-201 
study normalized after more aggressive therapy. Three 
heterozygotes had perfusion defects that persisted (as 
demonstrated with repeat thallium-201 scanning), but 
the timing of follow-up may have been too short to de- 


` tect improvement in myocardial perfusion. A normal 


stress thallium-201 test could be regarded as an impor- 
tant indication of the success of therapy. An abnormal 
study will help the clinician with patient management 
aimed at the prevention of cardiovascular complications 
that may occur, and may improve compliance with 
treatment. Our study confirms that coronary artery dis- 
ease develops in young patients with FH and that such 
patients should be identified and can be treated success- 
fully early in life. 
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Early Results with Bilateral Internal Mammary 
Artery Grafting in Coronary Reoperations 


Luc Noyez, MD, Tjeerd van der Werf, MD, Douglas P. B. Janssen, MD, Theo J. Klinkenberg, MD, 
Giles L. Kaan, MD, Wim N. J. C. van Asten, PhD, and Leon K. Lacquet, MD 





In recent years, use of the internal mammary ar- 
tery (IMA) as first graft of choice has been ex- 
panded with bilateral and sequential grafts in pri- 
mary myocardial revascularization. The use of bi- 
lateral IMA grafts in reoperation has seldom been 
reported. The experience and early results with bi- 
lateral IMA grafting in 47 patients undergoing 
coronary reoperation are described. Hospital mor- 
tality was 6.3%. Four patients had postoperative 
signs of low cardiac output, and 4 had a perioper- 
ative myocardial infarction. At follow-up (18 + 18 
months), 2 cardiac-related, late deaths were not- 
ed. Thirteen patients (29%) improved 1 New York 
Heart Association class, and 28 (63%) improved 
>1 class. In 1 of 44 surviving patients, operation 
did not result in a decrease in angina. On the basis 
of the early results, the bilateral use of the IMA in 
coronary reoperation appears justified. 

(Am J Cardiol 1992;70:1113-1116) 
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larization is increasing. The angiographic indica- 

tion for reoperation evolved from progression of 
atherosclerosis in the native coronary vessels to venous 
graft failure, or a combination of both. Furthermore, 
the interval between the initial operation and reopera- 
tion increased from 4 to 5 years at the end of the 1970s 
to 7 to 9 years today.!? Patients undergoing coronary 
reoperation at present were mostly operated on before 
the worldwide use of the internal mammary artery 
(IMA) as graft, which began after publication of the 
study by Loop et al^ in 1986. Because a third or fourth 
reoperation is possible, but with a progressively increas- 
ing risk, *maximal surgery" should be performed at re- 
operation. The best conduits available should be used, 
and there is no question regarding the superiority of the 
IMAs.^? The use of 1 IMA in reoperations is com- 
mon.!-3.9-12 However, the use of bilateral IMA grafts 
has been seldom described and only occasionally men- 
tioned in larger series.!:!°!3-!5 In this study, we describe 
our experience and early results using bilateral IMA 
grafts in 47 patients undergoing reoperation. 


T he number of reoperations for myocardial revascu- 


METHODS 

Patient population: Between January 1987 and 
December 1991, 206 coronary reoperations were per- 
formed in our department. All pre-, peri- and post- 
operative data were registered in the coronary data- 
bank Coronary Surgery Database-Radboud Hospital 
(CORRAD). In 47 patients (2396), revascularization 
was performed with both IMAs and supplemental vein 
grafts. Table I presents preoperative data of the total 
group and the 47 patients with bilateral IMA grafting 
(bilateral IMA group). Obesity was defined as >10% 
overweight; diabetes mellitus was defined when there 
was a positive glucose tolerance test, peroral antidiabet- 
ic medication or insulin dependency. Hypertension was 
defined as systolic blood pressure 2160 mm Hg or dia- 
stolic pressure >100 mm Hg. Hyperlipidemia was de- 
fined as total cholesterol level >250 mg/dl or triglycer- 
ide level >200 mg/dl. Poor left ventricular function was 
defined when ejection fraction was «0.35. No signifi- 
cant difference could be found between the bilateral 
IMA and total groups. 

Indications for reoperation: The clinical indication 
for reoperation in all patients was angina of at least 
New York Heart Association class III, despite medical 
therapy with 6 blockers, calcium antagonists or nitrates, 
or a combination. Fourteen patients in the total group 
and 3 in the bilateral IMA group underwent emergency 
aortocoronary bypass grafting (developing myocardial 
infarction, ischemia not responding to medical therapy, 
or cardiogenic shock). The angiographic indications for 
reoperation are summarized in Table II. 
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TABLE | Comparison of Preoperative Variables 





Bilateral 
IMA Group Total Group 
Variables (n = 47) (96) (n = 206) (%) 












Sex 


















Men 32 (68) 137 (66) 
Women 15 (32) 70 (34) 
Age (mean + SD) (year) 59.0 + 9.4 60.0 + 9.1 
Range 40—76 38-78 
Obesity ( >10% above ideal 17 (36) 90 (43) 
weight) 
Diabetes mellitus 9 (19) 45 (21) 
Systemic hypertension 40 (85) 164 (80) 
Total cholesterol » 250 mg/dl 31 (66) 143 (68) 
or triglyceride level » 200 
mg/dl 
Cigarette smoking 38 (81) 179 (86) 
Family history of cardiovascular 44 (93) 184 (89) 
disease 
Peripheral vascular atheroscle- 17 (36) 64 (32) 
rosis 
Poor left ventricular function 12 (25) 44 (21) 
Myocardial infarction 
Before first operation 35 (74) 136 (67) 
Between first and reoperation 10 (21) 40 (19) 
Mean interval (+ SD) between 96 + 52 84 + 46 






operations (mos.) 


IMA = internal mammary artery. 


Indication for bilateral use of the internal mammary 
artery as graft: Over the 5 years studied, there was an 
increasing incidence of bilateral IMA use in reopera- 
tions (18% (7 of 40) in 1987 to 51% (28 of 54) in 1991). 
In 4 of 47 patients in the bilateral IMA group, we had 
to use both IMAs because of absence of suitable graft 
material. In the other patients, the surgeon could choose 
whether to use both IMAs. Surgeons’ decisions are 
known to be variable; in 1991, there was a statistically 
significant (p <0.05) variability of 0 to 75% (24 of 34) 
bilateral IMA use in reoperations per surgeon. 

Surgical technique: The sternum was longitudinally 
opened with an oscillating saw, and the aorta and right 
atrium were identified. Subsequently, both IMAs were 
harvested synchronously with the necessary length of 
saphenous vein. After adequate heparinization, the as- 
cending aorta was cannulated and a 2-stage cannula 
was inserted in the right atrium for venous return. A 
left ventricular vent was inserted through the right su- 
perior pulmonary vein. First, the patient was cooled to a 
core temperature of 30°C, and the heart was further 
dissected free; then the patient was further cooled to a 
core temperature between 26° and 28°C, and slushed 
ice was used as topical cooling. Myocardial protection 
during aortic cross-clamping was performed with infu- 
sion of cold (4°C) St. Thomas’ Hospital cardioplegia 
until asystole occurred and was maintained by reinfu- 
sion of 100 ml/m? of the solution every 25 to 30 min- 
utes or earlier, as needed. In 40 patients (85%), cardio- 
plegia was delivered retrogradely by means of a coro- 
nary sinus cannula!6; in the others, cardioplegia was 
delivered anterogradely. This is significantly different (p 
<0.05) from the total group, where only 28% of patients 
(58 of 206) received retrograde cardioplegia. 
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TABLE Il Angiographic Indication for Reoperation 


Bilateral 
IMA Group 
(n = 47) 


Total Group 


Indication (n = 206) 


12 (25.576) 
2 (4.7%) 


35 (1896) 
14 (6.7%) 


Graft failure 

Progression of atherosclerosis in 
native coronary vessels 

Late graft failure and progres- 
sion of atherosclerosis in na- 
tive coronary vessels 


33 (69.8%) 157 (75.3%) 





IMA = internal mammary artery. 


For the group of patients operated on with bilateral 
use of the IMA, mean bypass time was 147 + 51 min- 
utes (range 80 to 300), and mean duration of aortic 
cross-clamping was 82 + 33 minutes (range 32 to 185). 
There was a mean of 3.6 + 1.0 distal anastomoses 
(range 2 to 7). 

Left IMA grafts with either single or sequential dis- 
tal anastomoses were constructed to the anterior side of 
the heart in 55% of patients (26 of 47) and to the lateral 
side in 45% (21 of 47). Right IMA grafts with either 
single or sequential distal anastomoses were constructed 
to the anterior side of the heart in 45% of patients (21 
of 47), to the lateral side, with the pedicle placed 
through the transverse sinus, in 43% (20 of 47), and to 
the right coronary artery in 10% (5 of 47). One right 
IMA graft, with sequential distal anastomoses to the 
obtuse marginal and the circumflex arteries, was used 
as a free graft (2%). 

Patient follow-up: Postoperative data were obtained 
from the coronary artery surgery data bank CORRAD. 
Follow-up information was collected from cardiologists 
and by telephone interviews with patients. 

Statistical analysis: Data were analyzed with the 
paired Student’s ¢ test or a Wilcoxon test, when appro- 
priate. Significance was assumed at p $0.05. Results 
were represented as mean + SD. 


RESULTS 

Only the results of patients operated on with bi- 
lateral use of the IMA are presented. The results are 
evaluated by mortality, hospital morbidity and follow- 
up. 
Mortality: The hospital mortality was 6.3% (3 of 47 
patients). The first death was in a 68-year-old woman 
who underwent reoperation using both mammary arter- 
ies and the right gastroepiploic artery. She did well until 
she died on the fifth day after surgery due to uncontrol- 
lable rhythm disturbances, followed by ventricular fi- 
brillation. Autopsy showed patent grafts and no evi- 
dence of myocardial infarction. The second death was in 
a 65-year-old man who had been revascularized with 
both mammary arteries and 2 venous grafts. During 
surgery, there were problems with a calcified aorta. 
One hour after surgery, his electrocardiogram suddenly 
showed signs of severe ischemia. Subsequent resuscita- 
tion was unsuccessful. Autopsy showed dissection of the 
ascending aorta and myocardial infarction. The third 
death was in a 51-year-old man who had low cardiac 
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output after surgery, despite inotropic support and the 
use of an intraaortic balloon pump. He died the second 
day after surgery, because of low cardiac output syn- 
drome, and autopsy showed a massive myocardial in- 
farction. 

Hospital morbidity: Table III presents the postoper- 
ative morbidity. Four patients had low cardiac output 
syndrome (>4 ug/kg/min of dopamine for 212 hours) 
and 4 (8.590) had a perioperative myocardial infarc- 
tion (defined as new postoperative Q waves or T-wave 
changes accompanied by increased cardiac enzymes). 

Follow-up: Follow-up of the 44 hospital survivors 
was complete. The mean duration of follow-up was 18 
+ 18 months (range 1 to 58). Two patients died during 
follow-up. Both patients died in the first 6 months after 
the operation; their deaths were cardiac-related. With 
the exception of 1 patient, all other patients improved; 
13 (2990) improved 1 New York Heart Association 
class, and 28 (63%) improved >1 class. Furthermore, 
patients were examined for sternal wound problems. No 
patient had serious complaints concerning the ster- 
notomy wound; 2 patients occasionally had paresthesia 
lateral to the incision, corresponding with the localiza- 
tion of the harvested IMA pedicle. 


DISCUSSION 

In the present study, we describe our experience with 
47 patients who underwent coronary reoperation with 
the use of both IMAs. The selection of these patients is 
a point of discussion. In comparing the preoperative 
data of the total group with that of the group receiving 
bilateral IMA grafts, we could not find any statistically 
significant difference regarding risk factors. We will not 
negotiate that in the first years, there was a selection of 
“sood candidates” for bilateral IMA use. However, 
there has been an increase in bilateral IMA use over the 
years, and in the last year, the indication for bilateral 
IMA use in reoperations appears more “surgeon-depen- 
dent" than patient-dependent. We did not extend this 
comparison to the operative data and results, because 
there was a significant difference in the means of deliv- 
ery of cardioplegic solution between the total and bi- 
lateral IMA groups. The problems with anterograde de- 
livery of cardioplegia due to the complex anatomy of 
myocardial blood supply in patients undergoing reoper- 
ation is an important factor influencing the high peri- 
operative myocardial infarction rate and cardiac-related 
mortality.! The use of retrograde cardioplegia, delivered 
by the venous coronary system, not affected by athero- 
sclerosis and providing better myocardial protection 
(when there is extensive use of the IMAs as graft!?!*) 
can influence perioperative morbidity and mortality. 
Furthermore, we did not compare the results of the bi- 
lateral IMA group with a computer-matched reference 
group of primary operations, as in the study of Galbut 
et al.!3 We are convinced that specific problems such as 
myocardial protection, possible embolization of debris 
from atherosclerotic veins, vessel identification and ab- 
sence of bypass conduits resulting in incomplete revas- 
cularization in reoperations are so determinant for the 
results!3:1920 of reoperations that comparison with pri- 





TABLE Ili Postoperative Morbidity (bilateral internal mammary 
artery group; n = 47) 


Variable No. of Pts. 


Reoperation for bleeding 
Ventilatory support > 3 days 
Sternal wound problems 
Renal failure without dialysis 
Renal failure with dialysis 
Intraaortic balloon pump 


mary operations is only justified in larger series. The 
operative mortality in this study is comparable with that 
of previous reports using bilateral IMAs for revascular- 
ization in reoperations!+!3.'4 and also with that (4 to 8%) 
of larger series of reoperation.'*!? The operative mor- 
bidity in reoperations is higher than in primary opera- 
tions,!:!9 and the most important parameter involved is 
perioperative myocardial infarction. The incidence of 
perioperative myocardial infarction (8.5%) in our series 
is similar to that in other reports, '! .|?? as is the inci- 
dence of low cardiac output and other parameters (Ta- 
ble III). The prolonged assisted ventilation in 3 patients 
may be related to impaired phrenic nerve function due 
to the use of slushed ice. 

No special problems were encountered during the 
dissection of IMAs. Because in most patients the pleu- 
ras were not opened at the first operation, there were no 
adhesions interfering with harvesting the IMAs. In pa- 
tients where there were adhesions, they did not hinder 
the use of IMAs. In patients where there is an absence 
of suitable graft material, preoperative assessment of 
the IMA is advisable. Preferably, IMAs should be visu- 
alized angiographically; alternatively, duplex imaging is 
a suitable technique in the preoperative, anatomic and 
physiologic assessment of IMAs.?! 

The follow-up period was short, but produced good 
results. Two late deaths were cardiac-related and oc- 
curred in the first 6 months after operation. Because the 
postoperative patency rate of an isolated IMA graft in 
reoperations is comparable to the results in primary re- 
vascularization,!°22 long-term follow-up results may be 
excellent. After surgery, no major sternal wound com- 
plications were found; 1 patient underwent a sternal re- 
fixation, and there was a clear relation between cough- 
ing and the development of sternal instability. The 
higher incidence of sternal wound complications after 
bilateral IMA use is uncertain and in several reports 
even contradicted.??2^ The vague pain reported by some 
patients (paresthesia lateral to the sternum correspond- 
ing to the harvested IMA pedicle) is a phenomenon due 
to nerve damage during harvesting of the IMA, which 
normally disappears after several months. 

Because repeat coronary artery bypass surgery using 
bilateral IMA grafts can be performed with a normal 
operative risk, and the survival and functional improve- 
ment are comparable to those in patients undergoing 
primary revascularization using the bilateral IMAs, we 
conclude that bilateral IMAs are the grafts of choice in 
coronary reoperations. 
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Changing Circadian Variation of Transient 


, Myocardial Ischemia During the First Year After 


a First Acute Myocardial Infarction 


Hans Mickley, MD, Peter Pless, MD, Jens R. Nielsen, MD, and Mogens Møller, MD 


in a consecutive series of 123 men (aged 55 + 8 


years) with a recent first acute myocardial infarc- 
tion (AMI), 24-hour ambulatory ST-segment moni- 
toring was performed early after discharge (day 
11 + 5), 6 months (day 185 + 6) and 1 year (day 
368 + 8) after AMI. No difference in the preva- 
lence of transient myocardial ischemia was found 
between the 3 recordings (17, 17 and 20%), and 
most ischemic episodes were silent (98,100 and 
97%). In the early postinfarction period, a peak of 
ischemic activity was demonstrated between 6 
P.M. and midnight (40 of 93 episodes [43%]). Over 
time, the maximal occurrence of ischemia gradual- 
ly advanced toward the morning hours with a 
peak activity between 6 A.M. and noon at 1-year 
follow-up (32 of 73 episodes [4496]). Significantly 
more patients (16 of 21 [76%]) had ischemia from 
6 P.M. to midnight at discharge compared with the 
findings 1 year later (9 of 23 patients [3996]) (p 
«0.03). An opposite trend was found regarding 
patients who exhibited ischemic episodes in the 
hours from 6 A.M. to noon: 10 of 21 patients 
(4896) early after discharge versus 17 of 23 pa- 
tients (74%) at 1-year follow-up (p = not signifi- 
cant). Results from the 6-month recording dis- 
played characteristics between the findings from 
discharge and 1-year ambulatory monitoring. The 
pathophysiologic processes underlying the obser- 
vations from this study are unknown. The change 
in circadian periodicity could not be explained 
from differences in heart rate variation patterns 
or medical antianginal treatment among the 3 re- 
cordings. However, the results emphasize the im- 
portance of the timing of ambulatory monitoring in 
studies addressing the diurnal variation of tran- 
sient ischemia after a first AMI. 

(Am J Cardiol 1992;70:1117-1122) 
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toring have clearly established that most patients 

with chronic, stable coronary artery disease ex- 
hibit episodes of transient myocardial ischemia during 
everyday life, with maximal ischemic activity occurring 
between 6 A.M. and noon.!? Recent studies concerning 
diurnal ischemic rhythms in survivors of a recent acute 
myocardial infarction (AMI) have revealed a different 
circadian pattern in these patients with a peak activity 
of ischemia in the late afternoon and evening hours.^? 
To investigate whether these findings simply are an ear- 
ly postinfarction phenomenon, we prospectively ob- 
tained serial ambulatory ST-segment recordings in a 
homogenous group of consecutive survivors of a first 
AMI. 


S everal studies using ambulatory ST-segment moni- 


METHODS 

Patient population: A total of 123 consecutive men 
aged <70 years who survived a first AMI were included 
in a study of postinfarction residual myocardial ische- 
mia.? The diagnosis of an AMI was confirmed when 72 
of the following 3 criteria were present: a typical history 
of chest pain, diagnostic electrocardiographic changes, 
and diagnostic serum myocardial enzyme changes. 
Patients were excluded for preadmission chest pain last- 
ing >24 hours, electrocardiographic conduction defects, 
atrial fibrillation, previous heart surgery or angioplasty; 
insulin-dependent diabetes or other non-cardiac-related 
disease likely to affect mortality. Clinical findings are 
summarized in Table I. 

Ambulatory electrocardiographic monitoring: Am- 
bulatory ST-segment monitoring for 24 hours was ob- 
tained 3 times after the infarction. The first recording 
was initiated at discharge, thus providing information 
on ischemic activity during early out-of-hospital daily 
life.? The second and third ambulatory recordings were 
performed 6 months and 1 year, respectively, after the 
infarction while patients were engaged in normal daily 
activities. For ambulatory monitoring we used the 
Tracker Reynolds tape recorder. The bipolar leads were 
placed with the electrodes in the positions of maximal 
ST-segment depression on a predischarge maximal 
symptom-limited exercise test. If no significant ST-seg- 
ment depression was detected on stress testing a V3 
(B2) and V; (C3)-like lead was used. Leads with 
pathologic Q waves were avoided when possible. In each 
patient the same position of leads was used during the 3 
serial Holter recordings. Curves of trends in ST-seg- 
ment changes and heart rate were plotted from visual 
control analyses of the ambulatory tapes (Pathfinder 
ID. All trend curves and electrocardiogram printouts 
were evaluated independently by 1 skilled technician 
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TABLE | Clinical Findings in 123 Men with a First Myocardial 
Infarction 


Age (years)* 55+8 








Site of infarction 

Anterior wall 60 (49%) 

Inferior wall 53 (43%) 

Multiple/indefinite 10 (8%) 
Type of infarction 

Q-wave 80 (65%) 

Non-Q-wave 43 (35%) 
Peak creatine kinase-MB isoenzyme (U/liter)* 99 + 56 
Thrombolytic therapy 35 (29%) 
Angina > 72 hours after onset of infarction 16 (13%) 
In-hospital reinfarction 2 (2%) 
Ejection fraction 2 days before discharge (%)* 48+12 
Maximal exercise testing 1 day before discharge 

Maximal work load (W)* 150 + 38 

Prevalence of ST-segment depression 66 (54%) 

Prevalence of angina 19 (15%) 


and 1 investigator. In cases of disagreement consensus 
reading by a third cardiologist unaware of the patient’s 
history was performed. Episodes of transient ischemia 
were defined as horizontal or downsloping ST-segment 
depression Z1 mm measured 80 ms after the J point 
and lasting 21 minute. Two episodes had to be sepa- 
rated by 72 minutes of return of the ST segment to 
baseline. To be included in the analysis all episodes had 
to be confirmed by an electrocardiogram printout. In all 
tapes the mean minimal and maximal heart rates were 
calculated on an hourly basis (Pathfinder III). A more 
detailed description of the methods of ambulatory ST- 
segment monitoring and predischarge exercise testing 
have been published previously.? All patients were 


followed according to our routine regimens, which did 
not include prophylactic use of long-acting nitrates, 8 
blockers or calcium antagonists. Thus antianginal drugs 
were only given in response to symptoms, and the pres- 
ence of significant ST-segment depression on exercise 
testing or ambulatory monitoring was not an indication 
for anti-ischemic treatment. Coronary angiography was 
reserved for patients with angina pectoris refractory to 
medical therapy. 

Statistical procedures: For conventional statistics, 
Student’s ¢ test, Mann Whitney test and a chi-square 
test with Yates’s correction were used. When low ex- 
pected values were found, we used Fisher’s exact test. 
Differences in which p <0.05 were regarded as signifi- 
cant. 


RESULTS 

Prevalence and characteristics of ischemic epi- 
sodes: No difference in the prevalence of transient is- 
chemia was found between the 3 monitorings (Table 
IT). Thirty-five patients had transient ischemia on 71 of 
the three 24-hour ambulatory monitorings. Seven pa- 
tients had episodes on all 3 recordings, 15 patients on 2, 
and 13 patients had transient ischemia on only 1 Holter 
recording (5 patients at discharge, 2 patients at 6 
months and 6 patients at 1-year follow-up). One patient 
with recurrent AMI had ST-segment depression during 
1 subsequent ambulatory monitoring. Five of the 9 pa- 
tients who underwent bypass surgery or angioplasty 
within the 1-year follow-up period were included in the 
21 patients with transient ischemia on the initial Holter 
recording. Despite a definite symptomatic improvement 
in all 5 patients ischemic episodes were still found in 4 
of the patients (80%) during 1 subsequent Holter re- 


TABLE Il Characteristics of Ischemic Episodes, Antianginal Treatment and Cardiac Events 


Within One Year After the Infarction 


No. of patients 
No. of patients with ischemia 
Total no. of episodes 
Painful episodes 
Episode length (min) 
Mean* 
Range 
Heart rate at onset of ST | (beats/min)* 
Heart rate at maximal ST | (beats/min)*t 
Maximal heart rate during episode (beats/min)*1 
Maximal size of ST |, (mm)$ 
Mean* 
Range 
Anti-ischemic drugs during monitoring 


1.56 + 0.79 


6 Months 
(d 185 + 6) 


1 Year 
(d 368 + 8) 


Discharge 
(d11 + 5) 


123 1187 118 
21 (17%) 20 (17%) 23 (20%) 
93 
2 (2%) 


30 + 38 
4—292 
86 + 11 
9] + 15 
99 + 13 


1.44 + 0.62 1.25 + 0.47 
1—5 1—4 1-3 


13 (11%) 
11 (9%) 
11 (9%) 
25 (2096) 


Calcium antagonists 
p blockers 
Long-acting nitrates 
Patients with > 1 anti-ischemic drug 
Patients with cardiac events 
Revascularization 
Nonfatal reinfarction 
Cardiac death 
*Mean + SD. 
fOne patient stayed away. 
Discharge versus 6 months and 1 year, p «0.03. 


§Discharge versus 1 year, and 6 months versus 1 year, p «0.025. 
d = day of ambulatory monitoring; ST | = ST-segment depression. 


14 (1276) 
13 (11%) 
15 (13%) 
28 (24%) 


6 
4 


4 
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18 (15%) 
15 (13%) 
14 (12%) 
30 (25%) 


9 
7 
5 
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cording after revascularization. The number of ischemic 
episodes (ischemic time) in the 4 patients were dramati- 
cally reduced from 28 to 9 episodes (10 hours, 7 min- 
utes to 3 hours, 11 minutes). In fact, the only revascu- 
larized patient who did not demonstrate recurrent ische- 
mia was identical with the single patient who had 
symptomatic ischemia on early postdischarge ambulato- 
ry monitoring. The results of the 3 electrocardiographic 
recordings did not differ significantly concerning most 
of characteristics. However, significantly higher heart 
rates were attained during ischemic episodes on the 6- 
and 12-month recordings. Finally, the size of maximal 
ST-segment depression at 1-year follow-up was signifi- 
cantly reduced (Table IT). 

Circadian variation of transient ischemia: Ischemic 
activity peaked between 6 P.M. and midnight during the 
first ambulatory recording. The diurnal distribution on 
an hourly basis of the 93 ischemic episodes is illustrated 
in the upper panel of Figure 1. Six months after AMI 
the number of episodes in the evening 6-hour time peri- 
od had been reduced to nearly half the number found at 





Discharge 
(n = 123) 











+ Drugs 
Pts. (epis.) 


19 (0) 
6 (32) 


—Drugs 
Pts. (epis.) 








83 (0) 
15 (61) 


—ST | on Holter 
+ST | on Holter 


Total 





TABLE V Relation Between Patients, Ischemic Episodes and Anti-Ischemic Treatment 


. . . . . . 
’ 





+ Drugs 
Pts. (epis.) 


22 (0) 
6 (34) 


Drugs = prophylactic anti-ischemic treatment; epis. = number of ischemic episodes; ST ; 


TABLE Il Relative Distribution of Ischemic Episodes and 
Ischemic Time on a Six-Hour Basis During Serial Ambulatory 
ST- Segment Monitoring After a First Infarction 


% of Episodes (% of ischemic time) 


6 P.M.— 
Midnight 


43 (42) 


Noon— 
6 P.M. 


6 A.M.— 
Noon 


Midnight— 
6 A.M. 


Discharge 20 (26) 34 (30) 


35 (39) 
29 (31) 


6 months 24 (28) 36 (29) 


1 year 44 (44) 26 (25) 












TABLE IV Patients with Transient Ischemia and Relation to 
Diurnal Distribution of Ischemic Episodes on a Six-Hour Basis 


No. of Ischemic Patients (96) 








6 P.M.— 
Midnight 


Noon— 
6 P.M. 


6 A.M.— 
Noon 





Midnight— 
6 A.M. 







Discharge (n — 21) 2 (10) 10(48) 12(57) 16(76)* 
6 months (n = 20) 3 (15) 10(50) 11(55) 12 (60) 
1 year (n = 23) 1 (4) 17(74) 13(57) 9 (39)* 





*p «0.03. 


discharge (from 40 to 23), whereas ischemic activity be- 
tween 6 A.M. and noon was practically unchanged. The 
66 episodes are depicted in the middle panel of Figure 
1. The peak incidence of ischemia occurred in the late 
afternoon around 5 to 6 P.M. but a smaller morning peak 
was noticed too. At 1-year follow-up an increase in tran- 
sient ischemia in the morning hours was observed. The 
peak incidence of the 73 ischemic episodes occurred 
around 7 to 8 AM., and the total number of episodes in 
the morning 6-hour period was 32 versus 19 on the first 
Holter recording (Figure 1, lower panel). Twenty-one 
ischemic episodes occurred between 6 P.M. and midnight 
versus 40 episodes during early postdischarge monitor- 
ing. The relative distribution of ischemic episodes and 
ischemic time on a 6-hour basis is summarized in Table 
III. The changing diurnal periodicity of ischemic epi- 


. sodes was partly a result of significantly more patients 


exhibiting ischemia in the evening 6-hour period at dis- 
charge (Table IV): 16 patients (7696) compared with 
the findings at l-year follow-up: 9 patients (39%) (p 
<0.03). An opposite pattern was found regarding the 
number of patients who had ischemia in the morning 6- 
hour block: 10 patients (4896) at discharge versus 17 
patients (7496) at 1-year follow-up. This difference did 
not reach the level of statistical significance. 


1 Year 
(n = 118) 


6 Months 
(n = 118) 






t Drugs 
Pts. (epis.) 


— Drugs 
Pts. (epis.) 


— Drugs 
Pts. (epis.) 





20 (0) 
10 (35) 


75 (0) 
13 (38) 


76 (0) 
14 (32) 










= ST-segment depression. 
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Circadian variation and antianginal medication: The 
number of patients (number of ischemic episodes) in re- 
lation to prophylactic anti-ischemic treatment is listed 
in Table V. No significant association between antiangi- 
nal medication and the relative number of patients with 
ischemia was found. The diurnal periodicity of ischemic 
episodes could not be explained from the influence of 





FIGURE 2. Diurnal distribution on an hourly basis of ischemic 
panels) anti-ischemic drugs during ambulatory monitoring 
and episodes in each of the 6 subfigures can be seen from Table 


Mean Hourly Heart Rate 


a.m. 


~~ Discharge 


m- 6 months 


medical treatment (Figure 2). In all 3 Holter monitor- 
ings the characteristic trend in the circadian rhythmic- 
ity persisted in patients who did not receive prophylactic 
anti-ischemic medications. 

Heart rate variation: In Figure 3 the heart rate vari- 
ation over 24-hours in the 3 ambulatory electrocardio- 
graphic monitorings is shown. A similar trend was 


as | 
Jr ill T 1 


yade mn. receiving (upper 
The number of patients 


episodes in patients receiving 
A B, 6 months; and C, 1 year). 


6 
p.m. 


7**- 12 months 





FIGURE 3. Diurnal distribution of mean minimal (Min) and maximal (Max) heart rates at discharge, 6 months and 1-year follow- 


up. 
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found in each recording with the highest heart rate oc- 
curring in the morning hours. 


DISCUSSION 

These data show that the time interval from the in- 
farct to the performance of ambulatory monitoring is of 
essential importance in the evaluation of the diurnal 
variation of transient ischemia in survivors of a first 
AMI. In the early postdischarge period a peak of is- 
chemic activity is demonstrated in the evening hours be- 
tween 6 P.M. and midnight. Over time the peak of is- 
chemic activity gradually advances toward the morning 
hours with a maximal occurrence between 6 A.M. and 
noon at 1-year follow-up. The change in circadian peri- 
odicity could not be explained from differences in heart 
rate variation or medical antianginal treatment. 

Circadian rhythms of ischemia in coronary artery 
disease: Ambulatory monitoring in patients with stable 
coronary artery disease has demonstrated that most 
ischemic episodes occur during the early morning hours, 
with perhaps a second, smaller peak in the evening.!?^ 
A similar circadian pattern has been described regard- 
ing the time of onset of different irreversible cardiac 
events such as AMI*-!? and sudden cardiac death.!'.'? 
However, whether the parallel morning increase in is- 
chemic episodes and the occurrence of clinical cardiac 
manifestations are causally related or merely associated 
is still unknown. Furthermore, data from patients with 
stable coronary artery disease may not be representative 
of other subgroups of patients with ischemic heart dis- 
ease. Thus, in patients who have variant angina there 
appears to be a peak of ischemia at night.? Studies ad- 
dressing the diurnal distribution of ischemic episodes in 
patients with unstable angina appear not to be available 
at present. However, in patients with resting angina and 
severe coronary artery stenosis a decline in the ischemic 
threshold has been demonstrated in the evening hours: 
the highest incidence of angina at rest occurred between 
8 and 11 p.m.!4 | 

At present, reports regarding the circadian pattern 
of ischemia in the early phase after AMI are limited. 
Currie and Saltissi demonstrated a peak density of 
transient ischemia in the late afternoon and the evening 
hours among 201 patients with infarction undergoing 
predischarge ambulatory monitoring. Gottlieb et al!> in- 
vestigated 103 high-risk patients during the in-hospital 
period after the infarction and found that ischemic ST- 
segment changes exhibited a bimodal pattern with a 
peak in the very early morning and late afternoon 
hours.!? The few papers describing the circadian varia- 
tion of transient ischemia in the later phase after AMI 
have revealed a maximal occurrence of episodes in the 
morning hours.*!6 In the Currie and Saltissi study* the 
change in diurnal distribution of ischemia developed 
within a time span of 4 to 8 weeks. However, 1 impor- 
tant limitation in this study is the use of different set- 
tings in the early (in-hospital) and late (out-of-hospital) 
ambulatory recordings. Thus, it has been well estab- 
lished that environmental circumstances are of primary 
importance in defining the circadian pattern of variables 
known to influence myocardial ischemia." In the Nürn- 
berg et al!é report ambulatory monitoring was per- 


formed in a hospital milieu in some and during daily life 
activities in other patients. Furthermore, the patients 
under study all had a Q-wave infarction and received 
long-acting nitrates during the Holter recording. 

Mechanisms influencing the diurnal variation of 
transient ischemia: Myocardial ischemia is the result of 
an increase in myocardial oxygen demand or alterations 
in coronary tone, or both. Therefore, factors known to 
exhibit circadian rhythms and to influence the myocar- 
dial oxygen balance may also affect the 24-hour period- 
icity of ischemic episodes. In survivors of a recent AMI, 
data concerning the importance of left ventricular func- 
tion on the circadian distribution of transient ischemia 
seem not available. From studies of normal control sub- 
jects and patients with different cardiac diseases, in- 
cluding coronary artery disease, we know that a diurnal 
variation in left ventricular filling pressure exists.!? 
Whether left ventricular remodeling after AMI is 
cause-related to the change in ischemic pattern can only 
be speculated. 

The well-established morning increase in heart rate!? 
is one of the factors proposed to be partly responsible 
for the early morning peak of transient ischemia in pa- 
tients with chronic coronary artery disease. In the pres- 
ent report we demonstrated parallel diurnal heart rate 
patterns in the 3 Holter recordings (Figure 3). This 
clinical observation supports the theory that factors oth- 
er than heart rate are of importance in the mechanism 
underlying myocardial ischemia in the ambulatory set- 
ting. 

The influence of antianginal therapy on circadian 
patterns in patients with stable coronary artery disease 
has been investigated in several studies. Beta blockers 
are known to blunt the morning increase in ischemic 
episodes in these patients.?29?! In a recent study of high 
doses of the calcium antagonist nifedipine, it has been 
suggested that the morning peak of ischemic activity - 
can be prevented.?? However, the impact of convention- 
al medical therapy on circadian patterns of ischemia in 
the early postinfarction phase has not been systemically 
investigated. Currie and Saltissi* found that the diurnal 
distribution of ischemic episodes was not influenced by 
drug treatment (combinations of 8 blockers, nitrates 
and calcium antagonists). Also, in the present study, the 
diurnal rhythmicity of transient ischemia could not be 
explained from the influence of medical treatment (Fig- 
ure 2). 

As a result of the clinical observations from the pres- 
ent study, the timing of ambulatory monitoring is of 
essential importance in evaluating the diurnal distribu- 
tion of transient myocardial ischemia in survivors of 
first AMI. These findings should also be considered in 
studies addressing the impact of anti-anginal drugs in 
patients recovering from a first infarction. 
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Usefulness of Heavy Isometric Exercise 
» Echocardiography for Assessing Left Ventricular 
Wall Motion Patterns Late (7 6 Months) After 





Acute Myocardial Infarction 


Enrique Z. Fisman, MD, Efraim Ben-Ari, PhD, Amos Pines, MD, Yaacov Drory, MD, 
Michael Motro, MD, and Jan J. Kellermann, MD 


The aim of this prospective study was to deter- 
mine the effects of heavy isometric exercise on left 
ventricular (LV) wall motion patterns in patients 
who have had myocardial infarction, and to com- 
pare heavy isometric exercise with dynamic exer- 
cise for competence in eliciting LV wall motion ab- 
normalities at equivalent rate-pressure products. 
Echocardiography was performed in 42 patients 
during supine bicycle ergometry and during heavy 
dynamometer stretching at 50% of maximal vol- 
untary contraction. Systemic vascular resistance 
increased from 1,484 to 1,649 dynes s cm 5 (p 
<0.05) during isometric exercise, and decreased 
significantly during dynamic exercise. Wall motion 
abnormalities or new asynergy were induced by 
isometric exercise in 120 segments, 107 of which 
(89%) showed significant stenosis of the perfusing 
coronary artery. Hypokinesia was the dominant 
pattern in the range of 76 to 90% narrowing; 
akinesia was dominant at 91 to 100% narrowing. 
Wall motion abnormalities were also documented 
in 13 segments (11%) assumed to be supplied by 
vessels with nonsignificant stenosis. Dyskinesia, 
seen in 7% of the segments, was equally distribut- 
ed between both groups with significant stenosis. 
Sensitivity and positive predictive value in identify- 
ing specific coronary vessel disease was similar 
for both isometric and dynamic exercise. In con- 
clusion, heavy isometric exercise in patients who 
have had myocardial infarction induces wall mo- 
tion abnormalities of a severity proportional to the 
degree of coronary narrowing. This exercise meth- 
od is similar to dynamic exercise for ability in 
identifying obstructions in a specific vessel. Fur- 
thermore, when compared at near-equal rate-pres- 
sure products, heavy isometric exercise is far su- 
perior in sensitivity to dynamic exercise. 

(Am J Cardiol 1992;70:1123-1128) 
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blood pressure.'? This exercise was found to induce 

abnormal hemodynamics in patients with coronary 
artery disease,? asynergy on contrast ventriculography‘ 
and 2-dimensional echocardiography,>® as well as re- 
ductions in aortic flow velocity and acceleration." How- 
ever, isometric exercise was reported to be relatively in- 
sensitive in identifying coronary artery disease com- 
pared with dynamic exercise, since exercise-induced 
angina and ST changes rarely appeared. Isometric exer- 
cise is much less likely to produce myocardial ischemia 
than dynamic exercise.) Interestingly, studies compar- 
ing both methods used light handgrip exercise at a low- 
er rate-pressure product than dynamic exercise.?!° The 
effects of heavy isometric exercise involving a larger 
muscle group were not explored. Consequently, the ob- 
jectives of this prospective study were (1) to determine 
the effects of heavy isometric exercise on left ventricular 
(LV) wall motion patterns in patients who have had 
myocardial infarction, and (2) to compare heavy iso- 
metric exercise with dynamic exercise in eliciting LV 
wall motion abnormalities at equivalent rate-pressure 
products. 


[5 exercise causes an increase in heart rate and 


METHODS 

Study patients: The group comprised 42 men aged 
4] to 53 years (mean 48 + 4). All patients met the 
following inclusion criteria: (1) myocardial infarction 
26 months before the study; (2) preserved LV function 
(ejection fraction 255%); and (3) technically adequate 
2-dimensional echocardiography, allowing analysis of 
systolic endocardial wall motion and myocardial thick- 
ening. Myocardial infarction was high lateral in 7 pa- 
tients, diaphragmatic in 11, anterior and diaphragmatic 
in 7, anteroseptal in 6 and non-Q-wave in 11. Patients 
with valvular or congenital heart disease, cardiomyopa- 
thy, arrhythmia, prior cardiac surgery or unsatisfactory 
exercise echocardiographic recordings were excluded 
from the study. Medications were withdrawn 248 hours 
before the study. 

Exercise protocol: ISOMETRIC EXERCISE: Patients 
were instructed to exert maximal compressive force on a 
175-pound Bullworker telescopic bar dynamometer, de- 
signed to be stretched by both hands simultaneously; 
force was shown on a linear scale. The test was per- 
formed 3 times, at 3-minute intervals; the maximal vol- 
untary contraction was defined as the highest of the 3 
attempts. After 10 minutes, subjects were requested to 
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TABLE | Heart Rate, Blood Pressure and Rate-Pressure 
Product at Rest and Exercise 


Dynamic Exercise 


Isometric 
Exercise 


103 (8)* 


Symptom- 


50 W Limited 


70 (6) 105 (8)* 146 (11)t 


Heart rate 
(beats/ 
min) 

Systolic blood 130 (10) 
pressure 
(mm Hg) 


157 (11)* 153 (9)* 180 (12)t 


Diastolic 82 (6) 92 (7) 93 (7) 83 (9) 
blood pres- 
sure (mm 
Hg) 

Mean arterial 
pressure 
(mm Hg) 

Rate-pressure 
product x 


10-2 


99 (8) 112 (7) 113 (9) 120 (10)* 


91 (4.4) 161.7(7.8)t 160.6 (8.1)t 262.8 (12)* 


L. p=ns__] 


*p <0.05; tp <0.001, compared with rest values. 
Values are mean + 1 SD. 
NS = not significant. 





perform 50% maximal voluntary contraction for 2 min- 
utes and instructed to avoid Valsalva maneuver. 

DYNAMIC EXERCISE: After a recovery period of 15 
minutes, the subjects underwent a symptom-limited ex- 
ercise test on a supine electrically braked Bosch ERG 
500 ergometer, performing gradually increasing work 
loads of 5-minute duration each, according to our proto- 
col.!! End points were anginal pain, fatigue, breathless- 
ness, exertional hypotension (defined as a decrease in 
systolic blood pressure of 210 mm Hg compared with 
the previous work load), segmental or downsloping ST 
depression of Z1 mm persisting >80 ms after the J 
point, onset of threatening arrhythmia or the achieve- 
ment of 285% of age-predicted maximal heart rate. 
Systemic vascular resistance was defined as (mean arte- 
rial pressure X 80)/cardiac output, and expressed in 
dynes s cm 5. 

Exercise : Examinations were per- 
formed with a Hewlett-Packard Sonos 500 77025A 
imaging system, using 2.5 or 3.5 MHz phased-array 
transducers. Images were obtained from the standard 
parasternal and apical transducer positions; particular 
attention was given to parasternal short- and long-axis 
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views, and to an apical 4-chamber view. Rest short-axis 
and apical 4-chamber views (64 frames each) were 
compared successively with views obtained at 50 W, at 
symptom-limited dynamic exercise, and at heavy iso- 
metric exercise. Single high quality cycles were dis- 
played in a quad screen format and compared side by 
side as a continuous loop at various playback speeds. 
LV volumes (V) were determined as V = % AL, where 
A = short-axis area, and L = LV length.!? For the pur- 
pose of regional wall motion analysis, the left ventricle 
was divided into 5 segments: anterior, septal, poste- 
rior and posterolateral — evaluated from a parasternal 
short-axis view — and apical — evaluated from an api- 
cal 4-chamber view. Motion patterns of individual seg- 
ments were defined as normal, hyperkinetic, hypokinet- 
ic, akinetic and dyskinetic.5!?!^ For analysis of wall 
motion in relation to the specific perfusing artery, the 
anterior, septal and apical segments were assumed to be 
supplied by the left anterior descending artery, the pos- 
terior segment by the right coronary artery, and the 
posterolateral segment by the left circumflex artery.®!5 

Coronary angiography: Coronary angiography us- 
ing a percutaneous transfemoral approach was per- 
formed with multiple views in all patients. Signifi- 
cant coronary obstruction was considered present when 
>75% stenosis of the luminal diameter was found in a 
major epicardial vessel. 

Statistical analysis: Results were expressed as mean 
values + 1 standard deviation. Rest and exercise data 
were compared using Student's 2-tailed ¢ test for paired 
observations; p «0.05 was considered significant. Sensi- 
tivity and positive predictive value of dynamic and iso- 
metric exercise echocardiography were determined by 
comparing the results with those of coronary angiog- 
raphy. 


RESULTS 

Exercise testing: Heart rate, blood pressure and 
rate-pressure product values at rest and exercise are 
presented in Table I. All 3 parameters increased signifi- 
cantly at both during isometric and dynamic exercise. 
Diastolic blood pressure did not vary and mean arterial 
pressure increased significantly only at symptom-limited 
dynamic exercise. It is worth mentioning that compari- 
son of both types of exercise at these parameters showed 
no differences between isometric exercise and the 50 
Watts (W) work load. The symptom-limited exercise 
test showed an electrocardiogram positive for ischemia 


TABLE Il Echocardiographic Measurements and Systemic Vascular Resistance 


End-diastolic volume (ml) 


End-systolic volume (ml) 
Ejection fraction (96) 
Stroke volume (ml) 


Cardiac output (liters) 
Systemic vascular resistance (dynes s cm~°) 


103 (8) 
27 (3) 
67 (7) 
76 (7) 
5.3 (0.4) 

1,484 (69) 





Dynamic Exercise 


Symptom- 
Limited 


Isometric 


Exercise 50 W 


119 (10) 
19 (3)* 
77 (6)* 
99 (8)* 

14.4 (1.1)t 

666 (51) 


100 (9) 
46 (4)* 
56 (6)* 
54 (5)* 
5.5 (0.4) 

1,649 (73)* 


105 (9) 
25 (3) 
75 (7)* 
80 (7) 
8.4 (0.7)* 

1,076 (80)* 


*p «0.05; tp «0.01; tp «0.001, compared with rest values. 
Values are mean + 1 SD. 
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in 37 patients (88%) and negative in 5 (12%). During a 
50 W work load as well as during isometric exercise, no 
patient had electrocardiographic changes. 

Ventricular volumes, cardiac output and systemic 
vascular resistance: These data are listed in Table II. 
During isometric exercise, end-systolic volume and sys- 
temic vascular resistance increased significantly; stroke 
volume and ejection fraction decreased significantly. 
Cardiac output did not change. 

During symptom-limited dynamic exercise, a signifi- 
cant decrease was documented for systemic vascular re- 
sistance and end-systolic volume. Ejection fraction, car- 
diac output and stroke volume increased significantly. 
End-systolic volume and stroke volume remained un- 
changed at 50 W. No significant differences were re- 
corded for end-diastolic volumes with both exercise 
methods. 

Regional wall motion: In evaluating segmental wall 
motion, there was intraobserver agreement of 95% (199 
of 210 segments) and interobserver agreement of 91% 
(191 of 210 segments). All cases of intra- or interob- 
server disagreement were related to 1 wall motion score, 
and were resolved by consensus. The observers were un- 
aware of the angiographic data. 

Of the 42 patients, 17 (4096) presented with normal 
LV wall motion at rest, and 25 (60%) showed wall mo- 
tion abnormalities. The influence of each type of exer- 
cise on the development of wall motion abnormalities in 
the normally contracting heart, or new asynergy in the 
abnormally contracting one is shown in Figure 1. Iso- 
metric exercise led to wall motion abnormalities in 13 of 
17 patients with a previously normally contracting left 
ventricle, and induced new asynergy in 19 of 25 patients 
with wall motion abnormalities at rest (76% sensitivity 
for both). After a recovery period of 2 to 4 minutes, 
these changes disappeared in all subjects. For symptom- 
limited exercise, sensitivity was 71% for patients with 
normally contracting LV and 72% for those with asyn- 
ergic LV; at the 50 W work load it was 12 and 16%, 
respectively. Thus, isometric exercise was capable of in- 
ducing abnormal motion or new asynergy in 76% of the 
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TABLE Iii Prevalence of Wall Motion Abnormalities Induced by 
Isometric Exercise in Relation to Severity of Coronary Disease* 


Severity of Coronary Narrowing (%) 
Wall Motion 
Abnormalities <75 


76-90 91—100 


Hypokinesia 12 36 10 
Akinesia 17 38 
Dyskinesia 





patients (32 of 42), in contrast to 71% induced by symp- 
tom-limited dynamic exercise and 14% at the 50 W 
work load. 

Wall motion abnormalities or new asynergy was in- 
duced by isometric exercise in 120 segments (Table 
III), 107 of which (89%) reflected significant stenosis of 
the perfusing coronary artery. Hypokinesia was the 
dominant pattern at the range of 76 to 90% narrowing, 
and akinesia at 91 to 100% narrowing. Wall motion ab- 
normalities were also documented in 13 segments (11%) 
assumed to be supplied by vessels with nonsignificant 
stenosis. Dyskinesia, seen in 6 segments (7%), was 
equally distributed between both groups of patients who 
had significant stenosis (Figure 2). In no case was hy- 
perkinesia documented. 

Angiographic data: Significant l-vessel coronary 
stenosis was found in 14 patients, 2-vessel disease in 15, 
and 3-vessel in 13. No patient presented with significant 
obstructive lesions of the main left coronary artery. The 
arteries involved, as well as the predictive value of exer- 
cise echocardiography for the detection of individual 
narrowed arteries, are detailed in Table IV. The predic- 
tive value of exercise-induced wall motion abnormalities 
was similar for both isometric and dynamic exercise. 


DISCUSSION 
Dynamic 2-dimensional exercise echocardiography 
is capable of providing valuable diagnostic and prognos- 
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FIGURE 1. Prevalence of resting and exercise-induced wall motion abnormalities. AB = abnormally contracting left ventricle; 
N = normally contracting left ventricle; NEW ASY = new asynergy; NO CHA = no change. 
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tic information in patients with coronary artery disease. radiopharmaceutical techniques and coronary angiogra- 
The test is performed during or immediately after exer- — phy.!3.!5.17-20 

cise, on the premise that myocardial ischemia will lead Notwithstanding these extensive data, in-depth ex- 
to wall motion abnormalities detectable by echocardiog-  ploration to determine the usefulness of isometric exer- 
raphy.!?-!5 Satisfactory correlations were reported with cise echocardiography needs to be carried out. The 


TABLE IV Distribution of Coronary Artery Disease and Detection of Coronary Narrowing 
with Isometric and Dynamic Exercise (n = 42) 


Positive Predictive 
Value of Wall Motion 
No. of Coronary Arteries Abnormalities Detected 
Significantly Narrowed by Echocardiography* 


c Isometric Dynamic 
Coronary Artery (n 2 13) Exercise Exercise 


Left main 

Left anterior descending 87 (59/68) 83 (57/68) 
Left circumflex 68 (21/31) 61 (19/31) 
Right 76 (16/21) 81 (17/21) 





Total 39 80 (96/120) 78 (93/120) 


*Values expressed as percentage and as absolute numbers. 





^ i ^. 2 = 


FIGURE 2. Echocardiographic parasternal left ventricular end-systolic short-axis still frames in a patient with 85% obstruction 
of the mid-left anterior descending coronary artery and 80% obstruction of the left circumflex artery. At baseline (72 beats/min) 
the endocardial border — delineated by points — shows a circular shape indicating uniform normal contractility (A). No signifi- 
cant changes are seen while performing dynamic exercise (108 beats/min) at a work load of 50 W (B). During dynamic symp- 
tom-limited exercise (150 beats/min), a dyskinetic area can be identified in the anterolateral wall (C). While performing heavy 
isometric exercise at 50% of maximal voluntary contraction (106 beats/min), dyskinesia is even more marked and the anterolat- 
eral wall moves grossly paradoxically, away from the center of the ventricle (D). 
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uniqueness of the present study relies on the fact that 
we used heavy isometric exercise instead of the relative- 
ly light handgrip modality, and that dynamic and iso- 
metric exercise were also compared at near-equal rate- 
pressure products. The main findings of our study are 
that at a similar rate-pressure product, heavy isometric 
exercise was far superior to dynamic exercise in eliciting 
wall motion abnormalities. These exercise-induced wall 
motion abnormalities are of a severity proportional to 
the degree of coronary narrowing. Moreover, the com- 
petence of this exercise modality in identifying obstruc- 
tions in a specific vessel is similar to dynamic exercise. 
To the best of our knowledge, these observations have 
not been reported to date. 

Cardiocirculatory changes during isometric exer- 
cise: Hemodynamic responses to isometric exercise can 
be predicted from changes in LV filling pressure; either 
no changes or a minimal increase were associated with 
good contractility and a normal or nearly-normal LV 
performance. On the other hand, increased LV filling 
pressure was accompanied by abnormal global and re- 
gional responses.?^?! In our patients, the pressure load 
imposed by heavy isometric exercise led to an increase 
in end-systolic volume and a decrease in ejection frac- 
tion, whereas the reverse was documented for dynamic 
exercise. Stroke volume decreases during heavy isomet- 
ric exercise^2?; this decrease is more marked in patients 
with coronary artery disease.’ In our study group, cardi- 
ac output was maintained through an increase in heart 
rate despite the significant decrease in stroke volume. 
The rate-pressure product increased significantly, al- 
most equaling the value reached at the 50 W work load. 

Pathophysiology of isometric exercise-induced is- 
chemia: The rate-pressure product is classically consid- 
ered as a reliable index of myocardial oxygen consump- 
tion”; because this product is elevated by isometric ex- 
ercise, it may induce myocardial ischemia in coronary 
artery disease. In our patients, however, wall motion ab- 
normalities were documented at nearly-equal rate-pres- 
sure products at isometric and not at dynamic exercise, 
suggesting the involvement of additional mechanisms. 
During isometric exercise, a sympathetic nerve reflex 
with the afferent pathway in skeletal muscle stretch re- 
ceptors, and the efferent pathway mediated by sympa- 
thetic fibers impinging on the coronary arteries, is acti- 
vated?^25 and accompanied by increased circulating 
catecholamines. This may result in exaggerated a-adre- 
nergic coronary constriction. Another possible mecha- 
nism is the increased LV volume during isometric exer- 
cise; augmented LV circumferential and meridional ra- 
dii are determinants of a higher LV wall stress and 
therefore myocardial oxygen demand leading to wall 
motion abnormalities. In addition, recent investigations 
recorded spatially localized phosphorus-31 nuclear mag- 
netic resonance spectra in patients with coronary artery 
disease. At isometric exercise, there was a decrease in 
the ratio of phosphocreatine to adenosintriphosphatase, 
reflecting myocardial ischemia.*’ 

At isometric exercise, the hemodynamic patterns of 
response to light and heavy exercise are found to differ: 
systemic vascular resistance usually does not change at 
lower levels of isometric exercise!?! but increases at 


higher levels.?? In our patients, an additional cause for 
increased systemic vascular resistance is represented by 
a compromised left ventricle, with difficulty in raising 
its output when confronting the increased afterload pro- 
duced by heavy isometric exercise. This hypothesis is 
supported by the findings of Keren et al? who reported 
a significant increase in systemic vascular resistance 
during isometric exercise in patients with congestive 
heart failure. 

Exercise-induced wall motion abnormalities and se- 
verity and location of coronary narrowing: The severity 
of coronary stenosis as determined by angiography is 
closely related to regional wall motion abnormalities de- 
tected by dynamic exercise.!?!5 As shown in our study, 
heavy isometric exercise induced similar alterations; 
these wall motion abnormalities were not observed in 
subjects with normal coronary arteries. In our popula- 
tion, wall motion abnormalities induced by isometric ex- 
ercise, or new asynergy, were mostly detected in the 
presence of fairly severe anatomic narrowings. More- 
over, the degree of wall motion abnormality was often 
found to be proportional to the severity of the narrow- 
ing: akinesia was the dominant pattern in the severe 
coronary obstructions, whereas hypokinesia was mainly 
present in the cases of less severe stenosis. 

Some patients with nonsignificant coronary narrow- 
ings also presented with wall motion abnormalities dur- 
ing isometric exercise; similar findings were also docu- 
mented for dynamic exercise.!?!5 Functional impair- 
ment during exercise may not linearly reflect the degree 
of coronary stenosis. Possible explanations are the vari- 
able length of narrowing, the collateral coronary circu- 
lation and the changes in vasomotor tone.?? 

The ability of isometric exercise echocardiography to 
identify a specific vessel disease was greater for the left 
anterior descending than for the left circumflex and 
right coronary arteries. The predictive value was similar 
for both isometric and dynamic exercise. 
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Early noninvasive detection of reperfusion after 
thrombolysis for acute myocardial infarction may 
enable detection of unsuccessful thrombolysis in 
time for rescue percutaneous transluminal coro- 
nary angioplasty (PTCA). It has been suggested 
that repeated measurement of myoglobin or of 
MM creatine kinase (CK) isoforms enables early 
detection of reperfusion. Twenty consecutive pa- 
tients with acute myocardial infarction treated by 
intravenous thrombolysis underwent serial deter- 
mination of myoglobin, MM3 and MM, CK iso- 
forms every 30 minutes after the beginning of 
thrombolysis. At 90 minutes, coronary angiogra- 
phy was performed, enabling classification of pa- 
tients as with (group A) and without (group B) re- 
perfusion. A third group of 7 patients (group C) 
underwent direct PTCA without antecedent throm- 
bolysis. In all groups, there were increases in myo- 
globin, percentage of MM; isoform, and ratio of 
MM;/MM|,. These increases appeared on the aver- 
age steeper and faster in group B, but the large 
dispersion of values in this group resulted in a 
wide overlap with group A. Retrospective analysis 
suggests that an increase in the MM;/MM |, ratio 
70.35 after 60 minutes is very specific for reper- 
fusion (sensitivity 60% and specificity 100%). In 
group C, PTCA always led to a sharp increase in 
all biochemical parameters measured within 30 
minutes. Thus, macromolecular markers can be 
used for very early, noninvasive detection of re- 
perfusion with a high specificity. This could help 
reduce the need for emergency angiography to se- 
lect candidates for rescue PTCA. Furthermore, 
the patterns of biochemical markers of reperfu- 
sion differ when reperfusion is initiated by either 
thrombolysis or PTCA. 

(Am J Cardiol 1992;70:1129-1134) 
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of acute myocardial infarction. It has the ability to 

reopen acutely the infarct-related artery, and if giv- 
en early, reduces myocardial infarct size, preserves left 
ventricular function and improves survival. However, 
angiographic assessment of infarct-related artery pa- 
tency 90 minutes after thrombolysis shows that up to 
half of vessels remain occluded.! This persistent occlu- 
sion has a poor prognosis.) Emergency "rescue" percu- 
taneous transluminal coronary angioplasty (PTCA) has 
been suggested to improve prognosis in this subset of 
patients.^^ The early, noninvasive diagnosis of reperfu- 
sion would enable detection of unsuccessful thromboly- 
sis in sufficient time for rescue PTCA without system- 
atic acute catheterization of all patients treated by 
thrombolysis. In this setting, however, clinical and elec- 
trocardiographic criteria cannot accurately predict re- 
perfusion.5$ It has been suggested that repeated mea- 
surements of serum myoglobin’? or creatine kinase 
(CK) MM isoforms?-!? enable detection of reperfusion. 
However, the value of these criteria has seldom been 
compared with that of systematic early coronary angi- 
ography performed 90 minutes after the beginning of 
thrombolysis.!? Therefore, we studied 20 patients with 
acute myocardial infarction who were given intravenous 
thrombolysis to examine whether the kinetics of early 
myoglobin and CK isoforms were predictive of the pa- 
tency of the infarct-related artery, assessed angiographi- 
cally at 90 minutes. We compared the results with those 
obtained in a group of 7 patients who underwent direct 
PTCA without antecedent thrombolysis. 


[5 thrombolysis is the established treatment 


METHODS 

Thrombolysis: Twenty consecutive patients with 
acute myocardial infarction, admitted within 6 hours of 
chest pain and given intravenous thrombolysis, were en- 
rolled in the study. Eligibility for thrombolysis was 
based on the following conventional criteria: prolonged 
chest pain for >30 minutes, resistant to nitrates, with 
ST-segment elevation 720.1 mV (standard) or 20.2 mV 
(chest) in 22 contiguous electrocardiographic leads. Be- 
cause these criteria are extremely specific for coronary 
occlusion in this setting,!^ this confirms that at the in- 
ception of thrombolysis there was a high prevalence of 
infarct-related artery occlusion. All patients were ad- 
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TABLE | Characteristics of Patients Studied 


Group A Group B Group C 


No. of pts. 7 13 7 
Men/women 6/1 13/0 4/3 
Age (year) 53.2: 13 58 + 12 59-4 
Time from onset of páinto 195 - 120 163-61 245 «48 

admission (min) 
Location of infarction 

Anterior 

Lateral 

Inferior 
Infarct-related artery 


First diagonal 
Right 3 


285 + 120 
(n = 6) 


Time from onset of pain to 
reperfusion (min) 


Values are mean + SD. 
D = left anterior descending artery; LC = left circumflex artery. 


ministered 250 mg of aspirin. Intravenous recombinant 
tissue-type plasminogen activator was infused at the 
dose of 1 mg/kg of body weight over 1 hour, with 10% 
of the dose infused initially as a bolus, followed by a 
maintenance infusion of 0.5 mg/kg over 3 hours.'? In- 
travenous heparin was begun on admission at the dose 
of 1,000 IU/hour. All patients received 6 blockade with 
atenolol, provided that the usual contraindications were 
absent. No patient had severe renal failure, musculo- 
skeletal disease or repeated electrical cardioversion. 

Coronary angiography: All patients underwent cor- 
onary angiography 90 minutes after the beginning of 
thrombolysis. Patency was assessed according to the 
Thrombolysis In Myocardial Infarction (TIMI) score!® 
on the fourth or subsequent injections of the infarct- 
related artery: TIMI grades 0 and 1 were considered as 
unsuccessful thrombolysis (group A), and rescue PTCA 
was attempted immediately after injection of 10,000 IU 
of intravenous heparin. TIMI grades 2 and 3 were con- 
sidered successes (group B). Patency between the onset 
of thrombolysis and 90 minutes could not be determined 
from this experimental design; thus, transient reperfu- 
sion could not be separated from persistent occlusion. 

Direct percutaneous transluminal coronary angio- 
plasty: Seven patients (group C) with chest pain sug- 
gestive of acute myocardial infarction <6 hours after its 
onset did not receive thrombolysis, because of absolute 
contraindications in 3, and atypical electrocardiographic 
changes and diagnostic uncertainty in the other 4. All 7 
patients underwent immediate coronary angiography 
followed by PTCA of the occluded infarct-related ar- 
tery. These patients were administered aspirin and 6 
blockers, as well as 10,000 IU of intravenous heparin at 
the beginning of PTCA. 

Biochemical studies: Blood samples were obtained 
immediately before the beginning of thrombolytic infu- 
sion or PTCA, every 30 minutes thereafter for 2 hours, 
and then at 4 hours. Samples were collected in vacu- 
tainer tubes containing 150 USP lithium heparinate and 
were centrifuged immediately for 5 minutes at 1,900 g. 
The plasmas were aliquoted into ice-cooled tubes and 
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immediately frozen at —20°C until further processing, 
thus avoiding both loss of CK activity and interconver- 
sion of the MM isoforms.!" Myoglobin was determined 
using an automated latex-enhanced nephelometric im- 
munoassay (Behring nephelometer analyzer, Latex My- 
oglobin).!® The measuring range of myoglobin is 24 to 
396 ug/liter, and samples with myoglobin levels >396 
ug/liter were automatically diluted. The upper limit of 
normal was 96 ywg/liter. Plasma CK activity was 
measured at 30°C by a multiparametric analyzer (Hi- 
tachi 737-Boehringer Mannheim) with CK-NAC re- 
agents (Boehringer Mannheim Diagnostics). Results 
(expressed as IU/liter) were obtained in 10 minutes. 
The normal range was 20 to 130 IU/liter. The MM;, 
MM; and MM, CK sub-band activities relative to the 
total CK MM activity were determined using an elec- 
trophoretic method. To avoid loss of total CK activity, 
as well as the interconversion of CK MM; into CK 
MM, and of the latter into CK MM, by the action of 
carboxypeptidase-N,!? plasma samples were processed 
immediately after thawing to limit such in vitro inter- 
conversion." Plasma samples were run in a buffered 
agarose system, according to the CIBA-Corning proce- 
dure,'? but with a 45-minute electrophoresis at 250 V. 
After electrophoresis, each gel was overloaded with re- 
agent optimized for coupling CK activity by NADPH* 
reduction (Cardiotrac? CK isoenzyme reagent, Ciba 
Corning). The isoforms were detected by NADPH; flu- 
orescence at 360 nm and quantified by scanning densi- 
tometry (Preference Sebia, France). CK specificity was 
confirmed by omitting the creatine phosphate substrate 
from the staining mixture. Results were expressed as 
percentage of total CK MM activity and were obtained 
in approximately 1 hour. This method can be used when 
total CK is >100 IU/liter, and enables isolation of any 
fraction of CK >2% of the total. The coefficient of vari- 
ation for MM isoforms in serial analysis (n = 17) 
ranged up to 5.7%. Day-to-day coefficient of variation 
was 4.1%. 

Statistical methods: For each index studied, the 
mean values at each time point, the mean rates of in- 
crease and the relative increases were compared be- 
tween groups A and B. Because of the rescue PTCA in 
group A, the values recorded after 90 minutes were not 
considered for analysis. Comparisons between groups 
were obtained using the unpaired Student's ¢ test, as- 
suming that values were normally distributed in the 
study cohort. A p value «0.05 was considered signifi- 
cant. 

For each index, we sought to determine retrospec- 
tively from the data a diagnostic threshold for reperfu- 
sion over which would lie the values from a maximal 
number of patients with patent infarct-related artery at 
90 minutes, but from a minimal number with occluded 
arteries. We proceeded, as suggested by Abendschein 
and colleagues,’ by adding 1 SD to the mean value of 
each index in group A. For each resulting value, we 
computed sensitivity and specificity. 


RESULTS 
The characteristics of patients studied are listed in 
Table I. 
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Myoglobin: All patients treated by thrombolysis had 
a progressive increase in myoglobin levels up to 90 min- 
utes, but the rate of increase was slower (although not 
significantly) in group A than in B (Figure 1). Because 
of the small number of patients, differences in myoglo- 
bin levels, and rates and percentages of increase did not 
reach statistical significance (Table II). However, owing 
to the large dispersion of values in group B, there was a 
considerable overlap of values between groups A and B 
(Figure 2). In the 7 patients in group C, there was a 


TABLE II Rates and Percentages of Increase (mean + SD) at 
60 and 90 Minutes for Myoglobin, Percentage of MM3, and 
Percent MM3/MM; for Patients Treated by Thrombolysis 


Criterion 


Myoglobin 
Rate 60 (ug/L - min- 1) 
Rate 90 (ug/L - min~!) 
Percentage 60 
Percentage 90 

MM3 creatine kinase isoforms 


1.10 + 4.40 
6.40 + 7.80 
2.00 + 3.70 
8.10 + 14.90 


11.90 + 13.90 
19.10 + 20.00 
18.30 + 24.00 
43.20 + 56.60 


ba | 


marked increase (more than sixfold) in myoglobin levels 
within the first 30 minutes, and a peak was reached 
earlier than in both groups A and B (at 30, 60 and 90 
minutes in 2 cases each). 

In group B, the peak level of myoglobin was reached 
on average at 104 + 20 minutes (range 60 to 120) after 
the beginning of thrombolysis. The absolute values of 
the peaks varied considerably and ranged from 147 to 
6,440 ug/liter (mean 2,044 + 1,995). 

In group A, rescue PTCA was performed immedi- 
ately after the angiographic view of persistent occlusion 


Rate 60 (%/L- min- 1) 
Rate 90 (%/L - min-!) 


Percentage 60 
Percentage 90 


MM3/MMi1 


Rate 60 
Rate 90 
Percentage 60 
Percentage 90 


0.03 + 0.09 
0.15 + 0.12 
0.09 + 0.16 
0.41 + 0.42 


0.00 + 0.01 
0.03 + 0.04 
0.06 + 0.29 
0.06 + 0.05 


0.33 + 0.48 
0.30 + 0.29 
1.06 + 1.84 
1.33 +; 1.91 


0.17 + 0.46 
0.08 + 0.15 
37.14 + 111.01 
24.33 + 54.97 


Percentage 60 = (value at 60 minutes — baseline value)/baseline value; Percentage 
90 = (value at 90 minutes — baseline value)/baseline value; Rate 60 = (value at 60 
minutes — baseline value)/60; Rate 90 = (value at 90 minutes — baseline value)/90. 
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FIGURE 2. Rate (Slope) and percentage of 
increase (Increase/Baseline value) of myo- 
globin at 60 minutes for 3 groups of pa- 
tients. 
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TABLE Iil Detection of Successful Reperfusion by 
Retrospectively Defined Criteria Based on Myoglobin, 
Percentage of MM3, and Ratio of Percent MM3/MM, 








Criterion Threshold Sensitivity Specificity 











Myoglobin 
Rate 60 5:5 
Percentage 60 5.7 





0.54 




















0.54 0.83 
Rate 90 14 0.54 0.83 
Percentage 90 33 0.36 0.83 
MM3 
Rate 60 0.12 0.45 l 
Percentage 60 0.26 0.50 0.75 
Rate 90 0.26 0.40 0.75 
Percentage 90 0.83 0.40 0.75 
MM3/MM; 
Rate 60 0.01 0.40 1 
Percentage 60 0.35 0.60 l 
Rate 90 0.07 0.30 0.75 
Percentage 90 3.57 0.30 0.75 





Abbreviations as in Table ll. 


at 90 minutes and was accompanied by a sharp increase 
in myoglobin levels (Figure 1), producing a peak at 120 
minutes. Therefore, the time to the peak of myoglobin 
in group A cannot be compared with that in group B. 

Retrospectively-defined indexes for the diagnosis of 
reperfusion have a specificity of at best 8396, with a sen- 
sitivity of 54% (Table III). 

Creatine kinase isoforms: In 3 patients from group 
A, baseline samples were not available. 

PERCENTAGE OF MM3: Baseline values for MM; were 
comparable in groups A and B (36 + 16% vs 33.5 + 
13.0%). These values gradually increased in both 
groups, and reached their peak between 120 and 240 
minutes in group B (171 + 64 minutes). There was no 
significant difference between groups A and B in the 
absolute values or rate of increase of percentage of 
MM,;, or the percentage of increase from baseline at 30, 
60 or 90 minutes. The time to the peak (which has been 
suggested as a criterion)!? could not be determined in 
group A owing to the alterations induced by the rescue 
PTCA performed at 90 minutes. No index was dis- 
criminant for reperfusion, because of the overlap of val- 


400 
jj Increase/Baseline 





ues between groups A and B (Table II). Patients who 
underwent direct PTCA had a marked increase in the 
percentage of MM; (X1.9 as early as 30 minutes), 
peaking at 98 minutes on the average, but at 30 minutes 
in 3 cases and at 60 minutes in 2. Retrospectively-de- 
fined indexes of reperfusion based on the definition of 
"ceiling" values for patients without reperfusion had a 
sensitivity of 40 to 50% (Table III). 

RATIO OF MM3/MM; PERCENTAGES: For group A the 
percentage of MM;3/MM, ratio increased from 1.53 + 
1.60 at baseline to 3.9 + 4.2 at 90 minutes, whereas for 
group B, it increased from 0.95 + 0.73 at baseline to 8.0 
+ 12.3 at 90 minutes (p= not significant compared 
with group A). Furthermore, although higher in group 
B, the rate and percentage of increase from baseline at 
60 and 90 minutes were not statistically different in the 
2 groups due to the large overlap of values (Figure 3 
and Table II). Attempts to retrospectively define an 
MM;/MM ,-based reperfusion criterion showed that a 
percentage of increase at 60 minutes >0.35 had the best 
performance, with a sensitivity of 60% and specificity of 
100% for reperfusion, thus identifying a group including 
only patients with reperfusion, and another including all 
those without reperfusion and one third of those with 
reperfusion (Table III and Figure 4). 


DISCUSSION 

Clinical and electrocardiographic indexes of reperfu- 
sion are not reliable.^? The Thrombolysis and Angio- 
plasty in Myocardial Infarction study!? showed that the 
only specific electrocardiographic index for reperfusion 
is the complete normalization of the ST segment in all 
leads, which seldom occurs (6 to 10% of cases). There- 
fore, for most patients, there is no reliable way of pre- 
dicting the status of the infarct-related artery soon after 
thrombolysis other than coronary angiography. How- 
ever, the latter is impractical and expensive, and may 
increase the hemorrhagic risk.^ Biochemical means of 
identifying patients with patent arteries very early after 
thrombolysis would be valuable, by enabling selection 
for rescue PTCA in sufficient time for myocardial sal- 
vage without a systematic angiogram. However, such 
methods should be highly specific to avoid overlooking 


value 


FIGURE 3. Rate and percentage of in- 
crease of % MM3;/MM |, at 60 minutes for 
3 groups of patients. 
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FIGURE 4. 
in patients with patent (A) or occluded (B) infarct-related 


profiles of creatine kinase isoforms 


patients with an occluded infarct-related artery and 
should provide results rapidly so that a further interven- 
tion designed to salvage ischemic myocardium is worth- 
while. 

The main results of this study are that early after 
thrombolysis, there was an increase in myoglobin, MM; 
and MM;/MM,, which appeared on average to be 
steeper and faster in patients with patent infarct vessels 
than in those whose infarct-related artery remained oc- 
cluded. However, there was a considerable overlap be- 
tween groups, which may reflect intermittent reocclu- 
sion in some patients between the onset of thrombolysis 
and 90 minutes. The means of these indexes appeared 
different between groups and would very likely reach 
statistical significance in a larger study sample, but it 
was difficult to classify an individual patient with cer- 
tainty into the reperfusion or no reperfusion category. 
However, retrospective analysis enabled definition of 
threshold values above which most patients (if not all) 
have reperfusion, thus eliminating the need for an emer- 
gency angiogram if rescue PTCA is considered. The 
best diagnostic performance was achieved by an index 
based on a percentage of increase at 60 minutes in the 
MM3;/MM, ratio 70.35, which yielded a specificity of 
100% and a sensitivity of 60% for the detection of reper- 
fusion. 

This study correlates early changes in macromolecu- 
lar markers with 90-minute angiographic patency. The 
latter is an important parameter, because it has been 
correlated to prognosis?? and because it is generally at 
this timing that a decision to perform rescue PTCA of 


persistent occlusions is made. Many published studies 
on the noninvasive assessment of reperfusion using en- 
zymatic indexes are based on results that are only avail- 
able several hours after the beginning of thromboly- 
sis’8.11,12; thus, their clinical value for the selection of 
patients for rescue PTCA is limited. Furthermore, angi- 
ographic data on the patency of the infarct-related ar- 
tery were either obtained hours or days after thromboly- 
sis or were missing, /?:10.13 and reperfusion was assessed 
on the basis of several clinical, electrocardiographic or 
biochemical criteria whose limits are well known.>° 

In this study, the magnitude of increase of the bio- 
chemical indexes is more marked and brief when reper- 
fusion is achieved by PTCA than by thrombolysis. In 
previous animal studies,?2!?? reperfusion was simulated 
by releasing a snare occluder positioned on the coronary 
artery or by deflating a balloon occluder. This discrete 
process produced a sharp release of myoglobin and CK 
isoforms into the circulation, similar to our results in 
patients undergoing direct or rescue PTCA, but may be 
different from thrombolytically mediated reperfusion. 
Furthermore, after thrombolysis, “stuttering” of perfu- 
sion in the infarct vessel is frequent?>* and may result 
in “misclassification” by the release of a significant 
amount of myoglobin and other enzyme products dur- 
ing transient phases of reperfusion, whereas the infarct- 
related artery is occluded at 90 minutes. 

The main limits of this study are the small number 
of patients, especially in the group without reperfusion, 
and the absence of knowledge of the patency status of 
the infarct vessel between 0 and 90 minutes, which is a 
problem in view of the frequency of intermittent reoc- 
clusions.2?2* However, if the retrospectively defined cri- 
teria for reperfusion presented here are validated pro- 
spectively, they may enable selective emergency coro- 
nary angiography in patients with a possible “failed 
thrombolysis,” thus avoiding a majority of “unnecessary 
angiographies” in patients with a patent infarct-related 
artery, while detecting all those without reperfusion. 
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Relation of Body Fat Distribution in Men and 
Degree of Coronary Narrowings in 
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This study evaluates the relation between body fat 
distribution and severity of coronary artery dis- 
ease (CAD). The study sample comprised 33 pa- 
tients with angiographically demonstrated CAD 
and 10 angiographically normal control subjects. 
Body fat distribution was estimated by computed 
tomography and degree of coronary narrowings 
by angiographic score. Body weight, body mass 
index and total and subcutaneous abdominal adi- 
pose tissue areas showed no statistical differences 
in the 2 groups; visceral abdominal adipose tissue 
area and the visceral to subcutaneous abdominal 
adipose tissue area ratio were significantly higher 
in patients with CAD (p «0.05). There was a sig- 
nificant correlation between visceral fat and tri- 
glycerides, apoprotein B and sum of glucose and 
insulin during glucose oral tolerance test. Sum of 
insulin during glucose oral tolerance test, visceral 
abdominal adipose tissue area and visceral/subcu- 
taneous abdominal adipose tissue area ratio corre- 
lated significantly with severity of CAD, as evalu- 
ated by coronary score in all subjects and in CAD 
patients alone. Stepwise multiple regression anal- 
ysis using the coronary score as the dependent 
variable and anthropometric and metabolic param- 
eters as independent variables shows that in all 
subjects and in CAD patients alone, visceral/sub- 
cutaneous abdominal adipose-tissue area ratio en- 
tered the regression first and the sum of insulin 
during glucose oral tolerance test second. The re- 
sults suggest that visceral abdominal adipose tis- 
sue area and visceral to subcutaneous abdominal 
adipose tissue area ratio may be cardiovascular 
risk factors. 

(Am J Cardiol 1992;70:1135-1138) 
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besity has been implicated as a cardiovascular risk 

factor in some but not all studies.!? There is 

growing interest today in regional body fat dis- 
tribution rather than in body fat quantity as the risk 
factor for cardiovascular disease.^-9 Several studies have 
shown that a central pattern of body fat distribution is 
associated with carbohydrate and lipid metabolism 
disorders, hypertension and coronary artery disease 
(CAD) mortality and morbidity risk." ? Epidemiologic 
studies have used the waist-to-hip ratio for classifying 
different types of fat distribution.?$ Since this ratio in- 
cludes both visceral and subcutaneous abdominal fat, its 
use as an index of metabolic complications has been 
criticized?! Recent observations suggest that metabol- 
ic complications are linked to intraabdominal visceral 
fat accumulation." Computed tomography is currently 
the best method for assessing visceral fat.!! Peiris et al! 
recently demonstrated that visceral adipose tissue area, 
as assessed by computed tomography, accounts for a 
significantly greater degree of variance in cardiovascu- 
lar risk factors than total fat mass. Our study compares 
abdominal adipose tissue distribution, as evaluated by 
computed tomography, in patients with CAD and in an- 
giographically normal control subjects to assess whether 
visceral fat distribution may be a cardiovascular risk 
factor. 


METHODS 

Patients: All subjects in this study were patients re- 
ferred to the clinic for coronary angiographic assess- 
ment. Subjects presenting >10% weight reduction over 
the 6 months previous to the study, as evaluated by self- 
recorded body weight, were excluded. Subjects with his- 
tory or clinical signs, or both, of congestive heart failure 
and alimentary problems were excluded, as were sub- 
jects with hypertension. The selected subjects consisted 
of 33 men with angiographically documented CAD and 
10 angiographically normal male control subjects. None 
of the subjects in either group were diabetic or were 
taking medication known to affect carbohydrate and 
lipid metabolism. All patients were hospitalized during 
the study. Patient characteristics are listed in Table I. 

Clinical characteristics: PATIENTS WITH CORONARY 
ARTERY DISEASE: Sixteen subjects had stable, 10 unstable 
and 7 mixed angina pectoris; 18 had an acute myocardi- 
al infarction. 

CONTROL SUBJECTS: Three patients had aortic regurgi- 
tation, 3 aortic stenosis and 2 mitral regurgitation; 2 
patients undergoing coronary angiography for chest 
pain were found to be angiographically normal. 
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TABLE | Characteristics of Subjects 


Patients with CAD 
(n = 33) 


Control Subjects 
(n = 10) 


Age (years) 


Body weight (kg) 74+8 
BMI 26%? 
Height (cm) 169+ 0.1 


Values are mean + SD. ' 
BMI = body mass index; CAD = coronary artery disease. 


Ten subjects with CAD were smokers at the begin- 
ning of the study, 11 had stopped smoking 21 year be- 
fore and 12 had never smoked. Five of the control sub- 
jects were smokers and 5 had never smoked. 

Body mass index was evaluated as body weight/ 
(height)? 

LIPIDS: Cholesterol, triglycerides and high-density li- 
poprotein cholesterol were measured using a Technicon 
Autoanalyzer (Technicon Instruments Corp); apopro- 
tein A-I and apoprotein B were measured by a radioim- 
munodiffusion method (Immuno Diagnostica G.E.S., 
M.B.H., Vienna, Austria). 

The oral glucose tolerance test was performed with a 
75 g glucose load. Blood samples for determining glu- 
cose and insulin levels were taken at 0, 30, 60, 90, 120 
and 180 minutes. Plasma glucose was measured using a 
glucose analyzer (Beckman Instruments Inc., Palo Alto, 
California). Plasma immunoreactive insulin was mea- 
sured in duplicate by double antibody radioimmunoas- 
say using a commercial kit (Diagnostic Products Corpo- 
ration). 

Body fat distribution was evaluated using computed 
tomography according to Sjóstróm.!! Total adipose tis- 
sue area, visceral adipose tissue area, subcutaneous adi- 
pose tissue area and the visceral/subcutaneous adipose 
tissue area ratio were evaluated by a single scan at the 
L4 level. Subject centering was obtained by a lateral 
topogram at the L4 level. The selected measurement 
range was from —150 to —50 Hounsfield units. Joy 
sticks were used to define the total cross-sectional area 
and the area of visceral fat (area inside the rectus 
abdominis muscles). Data were elaborated using a his- 
togram-based statistical program. 

Total body fat volume was calculated from total adi- 
pose tissue using the formula of Kvist et al!?: total body 
fat volume = 0.0693 (total adipose tissue area) + 0.09. 
Total body fat in kg was obtained by multiplying by the 
mean density (0.923) of human fat; fat-free mass was 
obtained by difference versus body weight.!^ 

Cardiac catheterization and left ventricular and se- 
lective coronary arteriography were performed. Coro- 
nary arteriography was performed using the Seldinger 
technique. Angiograms were recorded in multiple pro- 
jections for the left and right coronary arteries at 16 
frames/s. All angiograms were reviewed by 2 physicians 
who were unaware of the patients' adipose tissue distri- 
bution. Scoring of severity and diffusion of CAD was 
based on a Reardon modified score.!? Coronary circula- 
tion was divided for analytic purposes into: (1) left main 
coronary artery; (2) left anterior descending artery with 
a proximal, middle and distal third segment; (3) cir- 





TABLE Il Anthropometric and Metabolic Characteristics 
(mean + SD) in the Two Groups of Subjects 


Control 
Subjects 


Patients 
with CAD 


Total AT area (cm?) 

Subcutaneous AT area (cm?) 

Visceral AT area (cm?) 

Visceral/subcutaneous AT area ratio 

Total body fat (kg) 

Fat-free mass (kg) 

Cholesterol (mg/dl) 

Triglycerides (mg/dl) 

HDL cholesterol (mg/dl) 

Apoprotein Al (mg/dl) 

Apoprotein B (mg/dl) 

> glucose during OGTT (mg/dl) 

X insulin during OGTT (U/ml) 
*p «0.05; tp «0.01. 


AT = adipose tissue; CAD = coronary artery disease; HDL = high-density 
lipoprotein; OGTT = oral glucose tolerance test; X = sum of values. 


255 + 77 
140 + 45 
115. 41* 
0.86 + 0.271 
18-5 
56-8 
239 + 47 
179 + 103* 
42 t 12 
112 + 21 
141 + 29* 
817 + 199 
387 + 211 


243 + 103 
157 + 80 
86 + 26* 
0.61 + 0.19t 
LÀ 
58+ 10 
212 x 32 
106 + 28* 
434-8 
111 +14 
116 + 20* 
795 + 165 
267 + 114 





cumflex artery with a proximal and, distal segment; and 
(4) right coronary artery with a proximal and distal seg- 
ment. 

Two numerical values were given for each of these 
segments, the first indicating diffusion and the second 
severity of coronary disease. Diffusion scores were de- 
termined as follows: normal = 0; isolated or diffuse le- 
sions of the second or third order coronary branch (with 
normal epicardial coronary artery) = 0.5; isolated lesion 
of principal segment = 1; diffuse lesion of principal seg- 
ment — 2; and diffuse lesion of the principal segment 
and its branches = 2.5. Severity scores were as follows: 
normal = 0; irregularity (<50%) = 1; 50 to 75% steno- 
sis = 10; 76 to 89% stenosis = 15; 90% stenosis to sub- 
total occlusion = 20; and total occlusion = 25. Scores 
were then obtained for each segment by multiplying the 
diffusion score by the severity score. The total score for 
each patient was obtained from the sum of the segment 
scores. 

Statistical analysis: All results are reported as mean 
+ SD. Logarithmic transformation of triglycerides was 
done to normalize the distribution. Comparisons be- 
tween the 2 groups of patients were performed using 
Student’s 2-tailed unpaired test. Relations between vari- 
ables were evaluated by simple correlation coefficients 
and by stepwise multiple regression analysis. 


RESULTS 

Table II gives mean values + SD for anthropometric 
and metabolic variables for the 2 groups of patients. 
There were no differences in total adipose tissue and 
subcutaneous adipose tissue areas, body fat or fat-free 
mass between the 2 groups, whereas the visceral adipose 
tissue area and the visceral/subcutaneous adipose tissue 
area ratio values were significantly higher in patients 
with CAD. Apoprotein B and triglycerides were signifi- 
cantly higher in patients with CAD. 

We evaluated the correlations between anthropomet- 
ric and metabolic variables in all subjects: Visceral adi- 
pose tissue area correlates with cholesterol (r = 0.49, p 
<0.01), apoprotein B (r = 0.46, p <0.01), and sum of 
insulin during oral glucose tolerance test (r = 0.34, p 
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<0.05), whereas subcutaneous adipose tissue area cor- 
relates only with sum of glucose during oral glucose tol- 
erance test (r = 0.35, p <0.05), but not with cholesterol, 
triglycerides, Apoprotein B or sum of insulin during oral 
glucose tolerance test. 

We also evaluated correlations between metabolic 
and anthropometric variables and degree of coronary le- 
sions, as evaluated by angiographic score, for all sub- 
jects (controls + CAD patients) and for the CAD pa- 
tient group alone. In controls + CAD subjects, a posi- 
tive correlation was found between degree of coronary 
damage and apoprotein B (r = 0.38, p <0.01), sum of 
insulin (r = 0.44, p <0.01), visceral adipose tissue area 
(r = 0.36, p <0.01) and visceral/subcutaneous adipose 
tissue area ratio values (r = 0.53, p <0.001). Severity of 
coronary damage correlated negatively with height (r = 
—0.36, p <0.01). In patients with CAD alone, a positive 
correlation was found between degree of coronary dam- 
age and sum of insulin during oral glucose tolerance test 
(r = 0.40, p <0.05) and visceral/subcutaneous adipose 
tissue area ratio (r = 0.52, p <0.01), and a negative cor- 
relation with fat-free mass (r = —0.37, p <0.05) and 
height (r = —0.48, p <0.01). 

Stepwise regression analysis was performed using 
the angiographic score as the dependent variable, and 
anthropometric (body weight, body mass index, total 
adipose tissue area, subcutaneous adipose tissue area, 
visceral adipose tissue area, visceral/subcutaneous adi- 
pose tissue area ratio, height) and metabolic (cholester- 
ol, triglycerides, apoprotein B, sum of glucose and insu- 
lin during oral glucose tolerance test) parameters as in- 
dependent variables for all subjects (controls + CAD 
patients) and for the CAD group alone: in all patients 
and in CAD patients alone, only 2 variables entered the 
regression, namely the visceral/subcutaneous adipose 
tissue area ratio, which entered first (r = 0.53 and 
r = 0.52, p <0.001, respectively, for all subjects and for 
CAD patients alone), and sum of insulin during oral 
glucose tolerance test, which entered second (r = 0.69 
and r = 0.64, p <0.001, respectively, for all subjects and 
for CAD patients alone). 


DISCUSSION 

Our study shows that the visceral adipose tissue area 
and the visceral/subcutaneous adipose tissue area ratio 
were greater in patients with CAD than in control sub- 
jects; the visceral/subcutaneous adipose tissue area was 
the best correlate with severity of CAD. Our results 
confirm epidemiologic studies, which, using skinfold 
thickness or waist-to-hip ratio, or both, as methods for 
studying body fat distribution, suggest that regional 
body fat distribution may be a better predictor of car- 
diovascular disease than actual degree of adiposity.^6.!6 
Fujioka et al!? recently showed that the visceral /subcu- 
taneous adipose tissue area ratio achieves a higher cor- 
relation coefficient with metabolic disorders than the 
waist-to-hip ratio. Nakajima et al!’ also showed that the 
alteration of cardiac function in obese patients is related 
to the visceral/subcutaneous adipose tissue area ratio. 

Our study shows that, even without obesity, the in- 
crease in visceral fat may be a risk factor for CAD. The 
mean value of the visceral/subcutaneous adipose tissue 


area ratio in our patients with CAD was higher than the 
value indicated by Fujioka et al.!? as the limit value for 
defining obesity as visceral. Our subjects with CAD 
could well be defined as visceral obese patients. Further 
research is required to define reference values for this 
ratio. Such high visceral/subcutaneous adipose tissue 
area ratio values may indicate a particularly high state 
of risk. It may be that the high visceral/subcutaneous 
adipose tissue area ratio values that we found in both 
CAD patients and in control subjects may depend on 
ethnic or racial factors.!* 

The lack of correlation between body weight, body 
mass index, subcutaneous adipose tissue area and angio- 
graphic score suggests that the amount of body fat, and 
the subcutaneous adipose tissue area in particular, have 
no effect on CAD, especially when the total amount of 
body fat is of mild proportions, as in our patients. Our 
results may be in agreement with studies suggesting 
that hypertension may be more benign when associated 
with obesity!? and that the lowest risk for CAD is in 
men with a high body mass index and low waist-to-hip 
circumference ratio. We also found a significant nega- 
tive correlation between height and degree of CAD. 
Short stature has been associated with an increased risk 
of CAD morbidity and mortality both in men and in 
women.29?! This is a very interesting point and the 
height factor may in some way account for the fact that 
body mass index and body weight appear unrelated to 
angiographic score. 

The selection of control subjects in our study, partic- 
ularly with regard to patients with valve disease, could 
be questionable because these diseases may have modi- 
fied regional body fat distribution; moreover, to the best 
of our knowledge, there are no data demonstrating that 
patients with valve disease have different regional body 
fat distribution. In any case, the fact that we found a 
significant correlation between visceral adipose tissue 
and visceral/subcutaneous adipose tissue and coronary 
angiographic score in both all subjects and CAD pa- 
tients alone seems to confirm the role of regional body 
fat distribution in determining coronary narrowing. 

The fact that the sum of insulin during oral glucose 
tolerance test correlates with angiographic score and is 
the only variable to enter into the multiple stepwise re- 
gression after the visceral/subcutaneous adipose tissue 
area, is also fairly suggestive, because it has already 
been demonstrated that high insulin levels are strong 
cardiovascular risk factors even when impaired glucose 
tolerance is not present.?? These results may confirm the 
findings of Kissebah and Peiris,’ who suggested that vis- 
ceral fat and its association with hyperinsulinemia may 
be a major linkage factor between metabolic variables 
and anthropometric indexes. 

In our patients with CAD, we found significantly 
higher apoprotein B values and a significant correlation 
between apoprotein B and angiographic score; it has 
been postulated that regional adiposity may be strongly 
related to lipoprotein cholesterol and subfraction mass 
profiles, regardless of overall adiposity.2??^ It has also 
been demonstrated that low-density lipoproteins in sub- 
jects with abdominal adiposity may be small and dense, 
leading to a relative increase in apoprotein B?*; these 
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low-density lipoprotein subfractions may be more ath- 
erogenic than others and have been encountered with 
greater frequency in patients with premature CAD.”° 

Recent studies have also shown that smoking can 
significantly influence body fat distribution; smokers 
tend to have a smaller hip circumference and a relative- 
ly larger waist than nonsmokers.”’ In our study, only 10 
patients with CAD were smokers, and it is unlikely that 
differences in smoking habits were responsible for the 
higher visceral/subcutaneous adipose tissue area ratio. 

In conclusion, our study shows that it is the distribu- 
tion of body fat, rather than total body fat mass, that is 
the important CAD risk factor. Visceral abdominal adi- 
pose tissue area is more closely associated with cardio- 
vascular disease morbidity. 
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Beat-to-Beat Morphologic Variability of the 
Electrocardiogram for the Evaluation of Chest 
Pain in the Emergency Room 


Shlomo A. Ben-Haim, MD, DSc, Amnon Gil, MD, and Yeouda Edoute, MD, PhD 


The value of electrocardiographic, morphologic 
variability in the early diagnosis of acute myocar- 
dial infarction (AMI) and myocardial ischemia was 
evaluated in 49 nonselected patients presenting to 
the emergency room with chest pain. High-resolu- 
tion electrocardiography was used to determine 
the morphologic variability of consecutive electro- 
cardiographic complexes, and the ratio of the vari- 
ance of the QRS onset to that of the entire electro- 
cardiogram was calculated. A final diagnosis of 
AMI was confirmed in 8 patients, acute coronary 
insufficiency in 8, angina pectoris in 19, and a 
noncardiac origin for chest pain in 14. Patients 
with AMI had a significantly higher beat-to-beat 
electrocardiographic morphologic variability of the 
QRS onset (1.4 + 0.2) than did those with acute 
coronary insufficiency (1.1 + 0.2), angina pectoris 
(0.9 + 0.1) or noncardiac chest pain (0.8 + 0.1) (p 
<0.05). The sensitivity of the clinical presentation, 
typical electrocardiographic changes and creatine 
phosphokinase levels for the diagnosis of an acute 
ischemic event on admission to the emergency 
room was 62, 25 and 37.5%, respectively. Rela- 
tive variance of the QRS onset of >0.86 had a sen- 
sitivity of 75% and a specificity of 61% for diag- 
nosing an acute ischemic event. Logistic regres- 
sion of these variables showed that the QRS onset 
relative variability is an independent predictor for 
an acute ischemic event. It is concluded that an in- 
creased beat-to-beat electrocardiographic variabil- 
ity in patients with AMI is present on admission to 
the emergency room and may assist in establish- 
ing the diagnosis in this setting. 

(Am J Cardiol 1992;70:1139-1142) 
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is one of the most frequent problems in the emer- 

gency room. Early diagnosis of the origin of chest 
pain has important therapeutic and prognostic implica- 
tions. In approximately one half of patients admitted to 
rule out an acute ischemic event, such an event cannot 
be diagnosed, and the origin of chest pain is determined 
to be angina pectoris or noncardiac pain.!? 

Acute ischemia causes dynamic alterations in elec- 
trocardiographic morphology due to reductions in the 
resting cell potential, action potential amplitude and up- 
stroke velocity, increase in intra- and extracellular resis- 
tance, and prolongation of the refractory period. We 
hypothesized that tracking the dynamics of electrocar- 
diographic, morphologic changes could be more sensi- 
tive for early detection of the effects of acute ischemia 
on cardiac electrophysiology. We developed a simple 
method that quantifies the beat-to-beat electrocardio- 
graphic morphologic variability. Using high-resolution 
electrocardiography, we determined the QRS average 
morphology from which we calculated the beat-to-beat 
morphologic variance at a subregion of the QRS com- 
plex. Using this method, we previously reported that pa- 
tients with chronic stable ischemic heart disease had an 
increased beat-to-beat morphologic variability at the re- 
gion of the QRS onset. Furthermore, we demonstrated 
that the increased pre-QRS beat-to-beat electrocardio- 
graphic morphologic variability in patients studied for 
syncope could predict inducibility of monomorphic sus- 
tained ventricular tachycardia in the electrophysiologic 
study.’ In the present study, we recorded high-resolu- 
tion electrocardiograms on admission to the emergency 
room and followed patients for 3 days, until a definite 
diagnosis for chest pain could be achieved. We correlat- 
ed the beat-to-beat electrocardiographic morphologic 
variability with the final diagnosis. 


F valuation of a patient with acute anterior chest pain 


METHODS 

Patient selection: We studied 49 nonselected pa- 
tients admitted to the emergency room with anterior 
chest pain. History and physical examination were ob- 
tained in each patient. A 12-lead electrocardiogram 
was obtained, followed by high-resolution electrocardio- 
graphic recording. 

Definitions: The diagnosis of acute myocardial in- 
farction (AMI) was based on the following: (1) typical 
clinical characteristics, (2) an increase 250% above the 
upper normal limit in serum enzyme creatine phospho- 
kinase, lactate dehydrogenase and aspartate amino- 
transferase in the emergency room or during hospi- 
talization, and (3) either Q waves of 20.04-second 
duration (Q-wave AMI) or T-wave inversion or aug- 
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TABLE I Clinical Characteristics of the Different Diagnostic 
Groups 


Noncardiac 
Pain 


Acute 
AMI Ischemia 


Angina 
Pectoris 


No. of pts. 8 19 14 
Men (%) 4 (50) 11 (58) 9 (64) 
Women (%) 4 (50) 8 (42) 5 (36) 
Mean age (year) 66 + 3 67+3 52 £3 
Range 52-76 43-84 32—66 
Median 65 68 52 
Previous AMI (%) 1 (12) 8 (42) 2 (14) 
Medications (%) 
B blockers 0 
Calcium 2 (25) 
antagonists 


AMI = acute myocardial infarction. 


mentation and/or ST elevation or depression (non-Q- 
wave AMI). The diagnosis of acute coronary insuffi- 
ciency was obtained when the patient had ischemic 
chest pain not relieved by nitroglycerin, with documen- 
tation of transient ST-segment or T-wave changes dur- 
ing an episode of chest pain (in these patients there 
were no new Q waves in the electrocardiogram) and 
<50% increase above baseline values in the level of se- 
rum enzyme creatine phosphokinase. According to the 
clinical characteristics, chest pain was determined to be 
angina pectoris or pain from noncardiac origin. 
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FIGURE 1. Overlay of 40 consecutive QRS complexes of pa- 
tients with noncardiac chest pain (A) and acute myocardial in- 
farction (B) obtained on admission to emergency room. Higher 
beat-to-beat variability is present in recording obtained from 
patient with acute myocardial infarction. 





High-resolution electrocardiographic signal acquisi- 
tion: While the patient was resting in the supine posi- 
tion, the electrocardiographic signal was recorded for 60 
seconds by 3 pairs of silver-silver chloride electrodes in 3 
orthogonal axes (x, y and z). The signal was filtered and 
amplified by a differential amplifier (gain 1,000 to 
50,000; bandpass 3 to 600 Hz) with an internal noise of 
<1 uV, and was sampled by a 12-bit analog-to-digital 
converter at a frequency of 1 kHz. These signals were 
then averaged, and the variance was calculated as de- 
scribed previously.$ 

Statistical analysis: Group data are reported as av- 
erage + SEM. One-way analysis of variance and Bon- 
ferroni 1 tests were performed to determine the signifi- 
cance of differences between the beat-to-beat relative 
variance of the different groups studied. Chi-square test 
was used to determine statistical significance in the 
prevalence of symptoms or signs between the different 
groups. Statistical significance was defined as a p value 
«0.05. 


RESULTS 

Table I depicts the patients’ characteristics. Of 16 
patients with acute ischemia, 8 had AMI and 8 acute 
coronary insufficiency. Angina pectoris was diagnosed 
in 19 patients, and a noncardiac source for chest pain 
was diagnosed in 14. 

In 33 patients, no acute ischemia was diagnosed 
(AMI or acute coronary insufficiency). Of these pa- 
tients, 19 were admitted to the hospital, and 14 were 
discharged. Electrocardiographic evidence of acute is- 
chemia was not found during the follow-up visit in any 
of these patients. In patients without cardiac origin for 
chest pain, the pain was attributed to musculoskeletal 
origin (n = 7), esophagitis (n = 4) or pneumonia (n = 
3). 

The prevalence of old myocardial infarction among 
patients with AMI was low (1296) compared with that 
in those with acute coronary insufficiency (5096) or an- 
gina pectoris (4296) (p «0.05). 

Creatine phosphokinase level in serum: Creatine 
phosphokinase level was abnormal in the emergency 
room in 3 of 8 patients with AMI; therefore, the sensi- 
tivity of this test in the emergency room was 37.5%. 

Electrocardiographic changes: In 2 of 8 patients 
with AMI (25%), there were electrocardiographic 
changes diagnostic of AMI on admission to the emer- 
gency room. 

Relative variance: Patients with acute ischemia (es- 
pecially AMI) had a higher beat-to-beat variability in 
their electrocardiographic morphology (Figure 1). QRS 
onset relative variance was significantly higher in pa- 
tients with than without acute ischemia in the 20 ms 
(1.3 + 0.2 vs 0.9 + 0.1; p <0.01) and 40 ms (1.3 + 0.1 
vs 1.0 + 0.1; p <0.025) window. QRS onset relative 
variance was similar between these groups for an 80 ms 
window. Patients with AMI had a significantly higher 
beat-to-beat electrocardiographic morphologic variabili- 
ty of the QRS onset (1.4 + 0.2) than did those with 
acute coronary insufficiency (1.1 + 0.2), angina pecto- 
ris (0.9 + 0.1) or noncardiac chest pain (0.8 + 0.1) 
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(Figure 2) (p <0.05). No significant difference was 
found between patients with angina pectoris and non- 
cardiac chest pain. Furthermore, there was no signifi- 
cant difference between the beat-to-beat relative vari- 
ance determined from the electrocardiogram obtained 
in the emergency room and from a follow-up recording 
in these 2 groups. 

Relative variance in the 20 ms window at the QRS 
onset of >0.86 detected patients with acute ischemia 
with a sensitivity of 75%, specificity of 61%, positive 
predictive value of 48%, negative predictive value of 
83%, and likelihood ratio of 0.92. Using multivariate 
logistic regression, between chest pain, electrocar- 
diographic changes, creatine phosphokinase levels and 
beat-to-beat electrocardiographic variability and the 
presence or absence of acute ischemia, we found that 
the relative variance in the 20 ms window was an inde- 
pendent significant predictor (p <0.05). 


DISCUSSION 

The method of beat-to-beat electrocardiographic 
morphologic variability amplifies alterations in electro- 
cardiographic morphology. Therefore, because an acute 
ischemic event produces major changes in electrocardio- 
graphic morphology, we expected that even at an early 
stage of an acute ischemic event, variance analysis 
would be sensitive and identify electrocardiograms with 
high-grade variability. 

The results indicate that early in the course of an 
acute ischemic episode, beat-to-beat electrocardiograph- 
ic morphologic variability is increased in the region of 
the QRS onset. Furthermore, the increased variability 
was observed before the appearance of typical electro- 
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cardiographic changes characteristic of acute ischemia 
and before the creatine phosphokinase level increased. 

Beat-to-beat variability is present in patients after 
AMI at both the onset and offset of the QRS com- 
plex.5$ However, in our study only 1 AMI patient had a 
previous AMI; therefore, the finding of increased vari- 
ability at the QRS onset cannot be attributed to the 
presence of old AMI in this group, but rather to the 
presence of AMI. 

Localization of the increased variability at the onset 
of the QRS complex suggests that the myocardial acti- 
vation process is the source of the beat-to-beat variabili- 
ty observed. This can be attributed to either variable 
activation of the Purkinje system or intramyocardial 
conduction abnormalities. 

In a recent study, we reported that increased beat- 
to-beat variability was present in dogs after acute coro- 
nary artery ligation that had developed immediate ven- 
tricular tachycardia/fibrillation.? In the present study, 1 
patient with AMI developed ventricular tachycardia /fi- 
brillation and died on the first day of hospitalization. 
Although not conclusive, this patient had a high beat- 
to-beat variability of the QRS onset (2.7) recorded in 
the emergency room. 

We suggest that measurement of beat-to-beat elec- 
trocardiographic morphologic variability may be benefi- 
cial in establishing the diagnosis of an acute ischemic 
event in the emergency room. A possible predictive val- 
ue of this index for the development of lethal arrhyth- 
mias was suggested by a recent animal study and 1 case 
in the present study. A future study of a larger patient 
group is necessary for the quantitative evaluation of this 
new electrocardiographic analysis method. 


Acute MI Acute CI Angina Non-Cardiac 
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Degrees of Coronary Arterial Narrowing at 
Necropsy in Men with Large Fusiform 





Abdominal Aortic Aneurysm 


Gisela C. Mautner, MD, Katherine Berezowski, MD, 
Susanne L. Mautner, MD, and William C. Roberts, MD 


In 27 patients (mean age at death 72 + 9 years) 
with abdominal aortic aneurysm (AAA) 25.0 cm in 
its widest transverse diameter, the amounts of 
narrowing at necropsy in the 4 major (left main, 
left anterior descending, left circumflex, and right) 
epicardial coronary arteries were determined. 
During life, 12 of the 27 patients (44%) had symp- 
toms of myocardial ischemia: angina pectoris 
alone in 2, acute myocardial infarction alone in 3, 
angina pectoris and acute myocardial infarction in 
5, and sudden coronary death in 2. Ten of the 27 
patients (37%) died from consequences of myocar- 
dial ischemia. Six (22%) died from rupture of the 
AAA. Grossly visible left ventricular necrosis or fi- 
brosis, or both, was present in 15 patients (56%). 
Of the 27 patients, 23 (85%) had narrowing 76 to 
100% in cross-sectional area of 1 or more major 
coronary arteries by atherosclerotic plaque. The 
mean number of coronary arteries per patient se- 
verely (>75%) narrowed was 2.0 + 1.3/4.0. Of 
the 108 major coronary arteries in the 27 pa- 
tients, 55 (51%) were narrowed >75% in cross- 
sectional area by plaque. The 4 major coronary 
arteries in the 27 patients were divided into 5-mm 
segments and a histologic section, stained by the 
Movat method, was prepared from each segment. 
The mean percentages of the resulting 1,475 five- 
mm segments narrowed in cross-sectional area 0 
to 25%, 26 to 50%, 51 to 75%, 76 to 95% and 
96 to 100% were 17, 37, 28, 15 and 3%, respec- 
tively. The percentages of 5-mm coronary seg- 
ments narrowed >75% in cross-sectional area 
were similar in the right, left anterior descending, 
and left circumflex coronary arteries. Thus, pa- 
tients with AAA nearly always have diffuse and 
severe coronary atherosclerosis. 

(Am J Cardiol 1992;70:1143-1146) 
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aneurysm (AAA) often have symptoms of myocar- 

dial ischemia and that complications of atheroscle- 
rotic coronary artery disease are a common cause of 
death in persons with AAA. Although some reports 
have described degrees of coronary narrowing by angio- 
gram during life in patients with AAA, no studies have 
described at necropsy the amounts of coronary narrow- 
ing in persons with AAA. Such is the purpose of this 
report. 


[: is well known that patients with abdominal aortic 


METHODS 

Sources of patients and general characteristics: 
Records from the Pathology Branch of the National 
Heart, Lung, and Blood Institute of the National Insti- 
tutes of Health were searched for patients with AAA 
from the years 1968 to 1991. Only patients fulfilling the 
following criteria were included in this study: (1) men 
>50 years of age; (2) infrarenal AAA, fusiform, 25.0 
cm in its largest transverse diameter at necropsy; (3) 
absence of syphilis, the Marfan syndrome and aortic 
dissection; (4) absence of surgery on the abdominal aor- 
ta; and (5) the presence of both, the epicardial coronary 
arteries and the abdominal aorta, for reexamination. 
Twenty-seven patients fulfilled these criteria, and their 
pertinent clinical and necropsy observations are detailed 
in Table I. 

Examination of abdominal aortic aneurysm: After 
the abdominal aorta of each patient had been fixed in 
formalin for 224 hours, it was measured in its widest 
diameter and length. The mean of the largest diameter 
of the AAA in the 27 patients was 6.8 + 1.8 cm (Figure 
1). Six (2290) aneurysms ruptured and each was fatal. 
Three patients (1196) had an additional aneurysm of the 
descending thoracic aorta. During life, 12 of the 27 pa- 
tients (44%) had symptoms of myocardial ischemia: an- 
gina pectoris alone in 2, acute myocardial infarction 
alone in 3, angina pectoris and acute myocardial infarc- 
tion in 5, and sudden coronary death! in 2. Ten of the 
27 patients (37%) died from consequences of myocardi- 
al ischemia. 

Examination of the heart: The hearts were fixed for 
at least 1 day in formalin. The 4 major epicardial coro- 
nary arteries then were excised intact and fixed for at 
least another day. After decalcification (if necessary), 
each of the 4 major coronary arteries was cut trans- 
versely to its longitudinal axis into 5-mm-long segments, 
and each segment was labeled sequentially from either 
its aortic ostium or from its origin from the left main 
coronary artery. The 5-mm segments were labeled, de- 
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Age at Maximal 
Case Death Diameter 
(yr) Race AAA (cm) AP 







W 5 0 
W 10 0 
W 5:5* 0 
B 8 0 
W 6 + 
W 6 0 
B 9.5* B 
W 6* 0 
B 5 - 
B 5 + 
W 8.5 + 
W 8 + 
W 12* - 
W 7.5 + 
W 6 0 
B 8 0 
B 7* 0 
B 51 0 
W g l + 
W 5 0 
— 5 0 
W 7 0 
W 6* + 
W 5 0 
W 5.5 0 
W 7 0 
27 90 W 6 0 
6 8 


hydrated (alcohol and xylene) and embedded in paraf- 
fin, and 2 histologic sections were cut and stained from 
each paraffin block. The Movat stained section was 
used in this study for determining degrees of narrow- 
ing.? The degree of narrowing was determined after his- 
tologic examination of each cross section magnified 25 
to 50 times. The judgment regarding the degree of lu- 
minal narrowing of each 5-mm segment was based on 
the degree of luminal obliteration within the luminal 
circle bordered by the internal elastic membrane. The 
circle was visually subdivided into 4 equal-sized quad- 
rants and the percentage of cross-sectional area luminal 
narrowing in each 5-mm segment was classified as fol- 
lows: 0 to 25%, 26 to 50%, 51 to 75%, 76 to 95% and 96 
to 100%. The accuracy of this technique of grading 
cross-sectional area narrowing has been validated to be 
29596. In addition to sectioning the major epicardial 
coronary arteries, 22 histologic sections extending from 
endocardium into epicardium and for 22.0 cm in cir- 
cumferential dimension were prepared from left ventric- 
ular myocardium from each patient and stained by he- 
matoxylin and eosin. Foci of myocardial necrosis or fi- 
brosis, or both, were confirmed histologically. 


RESULTS 

Grossly visible left ventricular wall necrosis or fi- 
brosis, or both: Of the 27 patients, 1 (4%) had left ven- 
tricular foci of necrosis alone, 10 (37%) had foci of fi- 
brosis alone, and 4 (15%) had foci of both necrosis and 
fibrosis. 
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TABLE I Clinical and Morphologic Findings in the 27 Men with Large Abdominal Aortic Aneurysms 
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Coronary arteries: In the 27 patients, the mean 
number of coronary arteries per patient narrowed 
>75% in cross-sectional area by atherosclerotic plaque 
was 2.0 + 1.3: 4 patients (15%) had no arteries nar- 
rowed to this degree, 7 patients (26%) had 1 artery so 
narrowed; 2 (7%) had 2 arteries so narrowed; 12 (45%) 
had 3 arteries so narrowed; and 2 patients (7%) had 4 
arteries so narrowed. Of the 23 patients with >75% nar- 
rowing of 1 or more major coronary arteries, the num- 
ber/patient narrowed >75% was 2.4 + 1.0. Of the 108 
major epicardial coronary arteries in the 27 patients (4 
per patient), 55 (51%) were narrowed by plaque at 
some point 76 to 100% in cross-sectional area. Of the 
individual major coronary arteries, the left main coro- 
nary artery was severely narrowed (76 to 100% in cross- 
sectional area) in 3 patients (11%), the left anterior de- 
scending coronary artery in 17 patients (63%), the left 
circumflex coronary artery in 17 patients (63%), and 
the right coronary artery in 18 patients (67%). Of the 
1,475 five-mm-long coronary artery segments from the 
108 major coronary arteries, the mean percentages nar- 
rowed in cross-sectional area 0 to 25%, 26 to 50%, 51 to 
75%, 76 to 95% and 96 to 100% were 17, 37, 28, 15 and 
3%, respectively. 


DISCUSSION 

Summary of major findings in the present study: Of 
the 27 men, 23 (85%) had 1 or more coronary arteries 
narrowed >75% in cross-sectional area by plaque, an 
average of 2.4 + 1.0 for each of the 23 patients. The left 
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TABLE I (continued) 


LV Number Number of Number (96) of Coronary Segments Narrowed by Plaque 
Case HW — of CAs 5-mm CA Å 
| >75% Segments 0-25% 26-50% 51-75% 76-95% 96—100% 










N F 

0 0 3 38 6 (16) 5 (13) 15 (39) 12 (32) 0 

0 0 5 49 9 (19) 11 (22) 16 (33) 11 (22) 2 (4) 
0 0 l 49 19 (39) 21 (43) 8 (16) 1 (2) 0 

0 + l 41 18 (44) 9 (22) 13 (32) 1 (2) 0 

+ + 3 52 5 (10) 12 (23) 19 (36) 16 (31) 0 

0 0 0 46 18 (39) 17 (37) 11 (24) 0 0 

0 + 2 58 5 (8) 22 (38) 26 (45) 5 (9) 0 

0 + 3 58 3 (5) 16 (28) 20 (34) 15 (26) 4 (7) 
0 + 3 49 5 (10) 9 (18) 12 (25) 22 (45) 1 (2) 
0 0 4 38 0 5 (13) 15 (39) 15 (40) 3 (8) 
+ 0 3 74 5 (7) 29 (39) 13 (18) 26 (35) 1 (1) 
0 + 3 61 10 (16) 14 (23) 9 (15) 14 (23) 14 (23) 
0 0 1 67 21 (31) 37 (55) 8 (12) 1 (2) 0 

+ + 3 79 6 (8) 27 (34) 31 (39) 11 (14) 4 (5) 
0 + 3 56 3 (5) 8 (15) 32 (57) 12 (21) 1 (2) 
0 0 l 73 14 (19) 39 (54) 19 (26) 1 (1) 0 

0 0 0 58 19 (33) 39 (67) 0 0 0 

0 $ 2 43 3 (7) 20 (46) 18 (42) 2 (5) 0 

+ + 3 55 4 (7) 16 (29) 17 (31) 15 (28) 3 (5) 
0 $ 0 46 25 (54) 13 (28) 8 (18) 0 0 

0 0 0 59 10 (17) 40 (68) 9 (15) 0 0 

0 0 l 60 12 (20) 23 (38) 23 (38) 2 (4) 0 

0 + 3 55 2 (4) 20 (36) 21 (38) 6 (11) 6 (11) 
0 + 3 44 4 (9) 7 (16) 19 (43) 11 (25) 3 (7) 
0 0 l 59 23 (39) 32 (54) 3 (5) 1 (2) 0 

+ + 3 39 1 (3) 4 (10) 17 (43) 16 (41) 1 (3) 
0 0 l 69 4 (6) 49 (71) 15 (22) 1 (1) 0 















471 
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Mean or 
totals 


1,475 (55) 254 (17%) 544 (37%) 417 (28%) 217 (15%) 43 (3%) 





*Rupture of the AAA occurred and in each it was fatal. 
AAA = abdominal aortic aneurysm; AMI = acute myocardial infarction; AP = angina pectoris; CA = coronary artery; CS = cigarette smoker; DM = diabetes mellitus (adult onset); 
F = fibrosis; HW = heart weight; LV = left ventricular; N = necrosis; S = stroke; SCD = sudden coronary death; SH = systemic hypertension. 







anterior descending, left circumflex and right coronary the 12 patients with compared to the 15 patients with- 
arteries had similar amounts of severe coronary narrow- out clinical evidence of myocardial ischemia (angina 
ing (31, 31 and 33%, respectively). Of a total of 1,475 pectoris or acute myocardial infarction or sudden coro- 
five-mm segments of the 4 major coronary arteries, 18% nary death, or a combination) (3.0 + 0.4 vs 1.3 + HI 
were narrowed 76 to 100% in cross-sectional area. The p = 0.0001), and the percentage of 5-mm coronary seg- 
numbers of coronary arteries narrowed >75% in cross- ments narrowed >75% was also significantly greater in 
sectional area by plaque were significantly different in patients with than without clinical evidence of myocar- 


FIGURE 1. Abdominal 
aortic aneurysms in pa- 
tients 2 (A), 6 (B), 13 (C) 
and 26 (D) (Table I). AB 4 
aneurysms contain large 
quantities of thrombus. 
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dial ischemia (32 vs 7%, p = 0.0001). Fifteen of the 27 
patients at necropsy had acute and/or healed myocardi- 
al infarcts. The 15 patients with myocardial infarcts 
had significantly more coronary narrowing by plaque 
than did the 12 patients without (mean numbers of cor- 
onary arteries narrowed >75% = 2.5 + 0.9 vs 1.4 + 1.4, 
p = 0.02; 5-mm segments narrowed >75% = 26 vs 8%, 
p <0.05). 

Previously reported necropsy studies on the coro- 
nary arteries in patients with abdominal aortic aneu- 
rysm: No previously reported study has examined at 
necropsy the amounts of coronary narrowing in patients 
having AAA. 

Previously reported coronary angiographic studies 
in patients with abdominal aortic aneurysm: Although 
a number have described the frequency of clinical evi- 
dence of myocardial ischemia in patients with AAA,*!° 
few previously published studies have reported the 
amounts of coronary narrowing by angiogram in pa- 
tients with AAA. Tomatis et al!^ in 1972 performed 
coronary angiography in 28 patients (aged 57 to 81 
years [mean 67]) with AAA: 21 patients (7590) had 
narrowing 76 to 100% in diameter of 1 or more coro- 
nary arteries; 2 patients (7%) had narrowing 51 to 
75%; and the remaining 5 patients (18%) had insignifi- 
cant (<50% diameter reduction) coronary narrowing. 
Hertzer et al!> in 1984 described coronary angiographic 
findings in 263 patients with AAA and Young et al!6 in 
1986 described 302 patients with AAA. Both studies 
were performed at the Cleveland Clinic and represent 
largely the same patient group. The 302 patients includ- 
ed in the study of Young et al!® consisted of 289 pa- 
tients with infrarenal AAA and 13 patients with thora- 
coabdominal aneurysms (aged 47 to 94 years [mean 
68]): 199 (66%) had narrowing >70% in diameter of 1 
or more coronary arteries; another 85 patients (28%) 
had 1 or more narrowings between “measurable” to 
70% diameter reduction, and the remaining 18 patients 
(6%) had “angiographically normal" arteries. 

Although the present study in many ways is quite 
different from the one reported by Young et al,'ó com- 
parison of our study to theirs is nevertheless appropriate 
in some areas: frequency of the presence of 1 or more 
major coronary arteries significantly (27596 in cross- 
sectional area narrowing at necropsy and >50% in di- 
ameter at angiography) narrowed (23 of 27 patients 
[85%] vs 284 of 302 [94%]); frequency of single, double 
and triple (or quadruple) coronary arterial narrowing 
(26, 7 and 52% vs 26, 21 and 22%, respectively); fre- 
quency of significant narrowing of the left main, left 


anterior descending, left circumflex, and right coronary 
arteries (5, 31, 31 and 33% vs 6, 39, 39 and 50%, re- 
spectively); and frequency of clinical evidence of myo- 
cardial ischemia (44 vs 52%). 
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Amounts of Coronary Arterial Narrowing by 
Atherosclerotic Plaque at Necropsy in Patients 
with Lower Extremity Amputation 


Gisela C. Mautner, MD, Susanne L. Mautner, MD, and William C. Roberts, MD 


In 26 patients (mean age at death 68 + 9 years) 
who had undergone amputation (at mean age 63 + 
12 years) of 1 or both lower extremities due to se- 
vere peripheral arterial atherosclerosis, the 
amounts of narrowing at necropsy in the 4 major 
(left main, left anterior descending, left circum- 
flex, and right) epicardial coronary arteries were 
determined. During life, 15 of the 26 patients 
(58%) had symptoms of myocardial ischemia: an- 
gina pectoris alone in 1, acute myocardial infarc- 
tion alone in 5, and angina and/or infarction plus 
congestive heart failure or sudden coronary death 
in 9. Twelve of the 26 patients (42%) died from 
consequences of myocardial ischemia: acute myo- 
cardial infarction in 5, sudden coronary death in 
3, chronic congestive heart failure in 3, and short- 
ly after coronary bypass surgery in 1. Grossly vis- 
ible left ventricular necrosis or fibrosis, or both, 
was present in 21 patients (81%). Of the 26 pa- 
tients, 24 (92%) had narrowing 76 to 100% in 
cross-sectional area of 1 or more major coronary 
arteries by atherosclerotic plaque. The mean num- 
ber of coronary arteries per patient severely 
(>75%) narrowed was 2.3 + 1.0/4.0. Of the 104 
major coronary arteries in the 26 patients, 60 
(58%) were narrowed >75% in cross-sectional 
area by plaque. The 4 major coronary arteries in 
the 26 patients were divided into 5-mm segments 
and a histologic section, stained by the Movat 
method, was prepared from each segment. The 
mean percentages of the resulting 1,322 five-mm 
segments narrowed in cross-sectional area O to 
25%, 26 to 50%, 51 to 75%, 76 to 95% and 96 
to 100% were 17, 20, 35, 19 and 9%, respective- 
ly. The percentages of 5-mm coronary segments 
narrowed >75% in cross-sectional area were simi- 
lar in the left anterior descending, left circumflex 
and right coronary arteries. Thus, patients with 
peripheral arterial atherosclerosis severe enough 
to warrant amputation nearly always have diffuse 
and severe coronary atherosclerosis at the time of 
necropsy. 

(Am J Cardiol 1992;70:1147-1151) 
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volvement of 1 arterial system frequently also have 

atherosclerotic involvement of 1 or more other arte- 
rial systems. Persons, for example, with peripheral arte- 
rial disease often have evidence of myocardial ischemia 
and vice versa. Indeed, coronary artery disease is a ma- 
jor cause of death in patients with known abdominal 
aortic aneurysm or vascular disease peripheral to the 
aorta. Despite the common occurrence of significant 
amounts of atherosclerosis in more than 1 vascular sys- 
tem, relatively little information is available on the actu- 
al amounts of atherosclerotic involvement in a vascular 
system other than the one actually causing symptoms of 
organ ischemia. In the present study we examined in 
detail the amounts of coronary arterial narrowing by 
atherosclerotic plaque in patients who had peripheral 
arterial disease by atherosclerosis severe enough to war- 
rant amputation of 1 or both lower limbs. Such a study 
has not been reported previously. 


I: is well known that persons with atherosclerotic in- 


METHODS 

Sources of patients and general characteristics: 
Records from the Pathology Branch, National Heart, 
Lung, and Blood Institute, were searched for cases of 
amputation of the lower extremity due to severe periph- 
eral arterial atherosclerotic disease. A total of 30 cases 
of lower extremity amputation were retrieved. Two 
cases were eliminated because the patients were «50 
years of age at necropsy. Two other patients were elimi- 
nated because the hearts were not available for reex- 
amination and the coronary arteries had never been sec- 
tioned in their entirety by the method to be described 
subsequently. The remaining 26 cases, all of whom were 
aged 250 years, formed the basis of this study. The 
autopsies were performed at 8 different local institu- 
tions and subsequently the hearts were submitted to this 
Branch for detailed study. The clinical and autopsy rec- 
ords and police reports were examined in all 26 patients. 
Pertinent clinical and necropsy findings in each of the 
26 patients are listed in Table I. Of the 26 patients, 
24 were men and 2 (cases 12 and 22, Table I) were 
women. 

A total of 31 lower limb amputations were per- 
formed in the 26 patients: in 21 patients a single leg was 
amputated and in 5 patients both lower limbs were 
amputated. Seven (27%) patients had undergone either 
femoral-popliteal, femoral-femoral, axillofemoral or 
aortofemoral bypass operation. Another 2 patients had 
peripheral angioplasty. 

During life, 15 of the 26 patients (58%) had symp- 
toms of myocardial ischemia (cases 12 to 26 [Table I]): 
angina pectoris alone in 1, acute myocardial infarction 
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TABLE I Clinical and Morphologic Findings in the 26 Lower Limb Amputees 


Interval 
Age at Amputation 
amputation to Death 


(mo) Race Right 


E 


19 days 

14 days 
180 
l 


36 
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Totals 682-9 63 + 12 


or mean 


76 (14 days) 


alone in 5, and angina and/or infarction plus congestive 
heart failure or sudden coronary death! in 9. Patients 1 
to 11 never had symptoms of myocardial ischemia dur- 
ing life. 

Twelve of the 26 patients (46%), including 2 (cases 5 
and 9, [Table I]) who never had symptoms of myocar- 
dial ischemia during life, died from consequences of 
myocardial ischemia: acute myocardial infarction in 5, 
chronic congestive heart failure in 3, sudden coronary 
death in 3, and immediately after coronary bypass sur- 


gery in 1. 
Peripheral Arterial Disease 


26 (100%) 


Clinical Signs of 


Myocardial Ischemia 15 (58%) 


Number of Coronary Arteries 
Narrowed >75% in 
Cross-Sectional Area 


FIGURE 1. Qualitative comparison of the 11 patients without 
clinical evidence of myocardial ischemia (cases 1 to 11, Table 
I) with the 15 patients with clinical evidence of myocardial is- 
chemia (cases 12 to 26, Table I). 
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Examination of the heart: The hearts were fixed in 
10% buffered formalin for 224 hours before weighing 
and examination. The major (left main, left anterior de- 
scending, left circumflex, and right) epicardial coronary 
arteries were excised intact after fixation. The arteries 
then were decalcified, if necessary, with formic acid-so- 
dium citrate for 224 hours. The coronary arteries then 
were cut transversely into 5-mm-long segments and la- 
beled sequentially from origin to termination by a meth- 
od described elsewhere.? The 5-mm segments were de- 
hydrated in ethanol and xylene, and embedded in paraf- 
fin. At least 6 um thick histologic sections were cut 
from each 5-mm segment and stained by the Movat 
method. The percent cross-sectional area luminal nar- 
rowing by atherosclerotic plaque was determined by 
microscopic examination with approximately 40 times 
magnification. The percent luminal narrowing was 
graded into 1 of 5 cross-sectional area categories: 0 to 
25, 26 to 50, 51 to 75, 76 to 95 and 96 to 100%. The 
accuracy of this technique of grading cross-sectional 
area narrowing has been validated to be >95%.? Histo- 
logic sections, 22 per heart, extending from endocardi- 
um to epicardium of the left ventricular wall, were pre- 
pared. Foci of myocardial necrosis or fibrosis, or both, 
were confirmed histologically. 


RESULTS 

Grossly visible left ventricular wall necrosis or fi- 
brosis, or both: Two patients (8%) had left ventricular 
foci of necrosis alone, 15 (5896) had foci of fibrosis 
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0 
0 
0 
0 
E 
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0 
0 
E 
0 
0 
0 
0 
ES 
0 
0 
ES 
0 
0 
0 
0 
+ 
0 
0 
Es 
0 
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Totals 6 15 491-45 113 19 2.3 € 1.0 


or mean 


Segments 


1,322 (51) 


0-25% 


2 (3) 
2 (4) 
8 (19) 
18 (34) 
11 (30) 
25 (43) 
4 (9) 
2 (5) 
10 (19) 
40 (80) 
16 (30) 
6 (11) 
4 (6) 
8 (13) 
25 (66) 
13 (31) 
0 
0 
1 (2) 
7 (13) 
3 (6) 
2 (5) 
3 (5) 
12 (27) 
0 
11 (21) 


233 (17%) 


26-50% 


24 (37) 
3 (6) 
4 (10) 

10 (19) 
4 (11) 
6 (10) 

11 (22) 

19 (49) 

12 (23) 
6 (12) 

22 (42) 
3 (6) 

13 (20) 
9 (15) 
8 (21) 
1 (2) 

18 (28) 
9 (19) 
9 (19) 
5 (9) 

11 (23) 
4 (9) 

14 (23) 
1 (2) 

14 (25) 

24 (46) 


264 (20%) 


51-75% 


35 (54) 
21 (44) 
14 (34) 
19 (36) 
10 (27) 
22 (37) 
23 (47) 
17 (44) 
15 (28) 

4 (8) 
15 (28) 
12 (23) 
30 (46) 
21 (36) 

4 (10) 
11 (26) 
16 (24) 
14 (30) 
24 (51) 
14 (25) 
20 (43) 
31 (72) 
13 (21) 
18 (40) 
25 (45) 
10 (19) 


458 (35%) 


76-95% 


4 (6) 
20 (42) 
6 (15) 
6 (11) 
10 (27) 
6 (10) 
11 (22) 
1 (2) 
15 (28) 
0 
0 
17 (33) 
8 (12) 
11 (19) 
1 (3) 
10 (24) 
20 (31) 
20 (43) 
8 (17) 
12 (21) 
12 (26) 
6 (14) 
19 (31) 
12 (27) 
14 (25) 
1 (2) 


250 (19%) 


96-100% 


1 (2) 
0 
0 
14 (27) 
10 (16) 
10 (17) 
0 
7 (17) 
11 (17) 
4 (8) 
5 (11) 
18 (32) 
1 (2) 
0 
12 (20) 
2 (4) 
3 (5) 
6 (12) 


117 (9%) 


AK = above knee; AMI = acute myocardial infarction; AP = angina pectoris; B = black; BK = below knee; CA = coronary artery; CHF = congestive heart failure; CS = cigarette 
smoker; DM = diabetes mellitus (adult onset); F = fibrosis; HW = heart weight; LV = left ventricular; N = necrosis; S = stroke; SCD = sudden coronary death; SH = systemic 


hypertension; W = white. 


alone, and 4 patients (15%) had foci of both necrosis 
and fibrosis. 

Coronary arteries: In the 26 patients, the mean 
number of coronary arteries per patient narrowed 
>75% in cross-sectional area by atherosclerotic plaque 
was 2.3 + 1.0: 2 patients (8%) had no arteries narrowed 
to this degree, 2 patients (8%) had 1 artery so narrowed, 
9 (34%) had 2 arteries so narrowed, 12 (46%) had 3 
arteries so narrowed, and 1 patient (4%) had 4 arteries 
so narrowed (Figure 1). Of the 24 patients with >75% 
narrowing of 1 or more major coronary arteries, the 
number/patient narrowed >75% was 2.5 + 0.7. Of the 
104 major epicardial coronary arteries in the 26 patients 
(4 per patient), 60 (58%) were narrowed by plaque at 
some point 76 to 100% in cross-sectional area. Of the 
individual major coronary arteries, the left main coro- 
nary artery was severely narrowed (76 to 100% in cross- 
sectional area) in 1 patient (4%), the left anterior de- 
scending coronary artery in 21 patients (81%), the left 
circumflex coronary artery in 17 patients (65%), and 
the right coronary artery in 21 patients (81%). Of the 
1,322 five-mm-long coronary segments from the 104 
major coronary arteries, the mean percentages nar- 
rowed in cross-sectional area 0 to 25%, 26 to 50%, 51 to 
75%, 76 to 95% and 96 to 100% were 17, 20, 35, 19 and 
9%, respectively. The amount of narrowing in all 5-mm 
segments and in each major coronary artery in the pa- 
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Clinical signs of myocardial ischemia 





FIGURE 2. Mean percentages of 5-mm segments of the sum 
of the 4 major coronary arteries narrowed to varying degrees 
in cross-sectional area (CSA) in 26 amputees: comparison of 
11 patients without (cases 1 to 11, Table I) with 15 patients 
with (cases 12 to 26, Table I) clinical evidence of myocardial 
ischemia. 
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tients with and without clinical evidence of myocardial 
ischemia is summarized in Figures 2 and 3. 


DISCUSSION 

Summary of major findings in the present study: Of 
the 26 amputees, 24 (92%) had 1 or more coronary 
arteries narrowed >75% in cross-sectional area by 
plaque, an average of 2.5 + 0.7 for each of the 24 pa- 
tients. The left anterior descending, left circumflex, and 
right coronary artery had similar amounts of severe cor- 
onary narrowing (35, 28 and 35%, respectively). Of a 
total of 1,322 five-mm segments of the 4 major coro- 
nary arteries, 28% were narrowed 76 to 100% in cross- 
sectional area. Although the numbers of coronary arter- 
ies narrowed >75% in cross-sectional area by plaque 
were not significantly different in the 15 patients with 
compared to the 11 patients without clinical evidence of 
myocardial ischemia (2.6 + 0.7 vs 1.9 + 1.1, p = 0.07), 
the percentage of 5-mm coronary segments narrowed 
>75% was significantly greater in patients with com- 
pared to those without clinical evidence of myocardial 
ischemia (35 vs 17%, p = 0.02). Twenty-one of the 26 
patients at necropsy had acute and/or healed myocardi- 
al infarcts. The 21 patients with myocardial infarcts 
had more coronary narrowing by plaque than did the 5 
patients without (mean numbers of coronary arteries 
narrowed >75% = 2.7 + 0.6 vs 0.8 + 0.8, p = 0.0001; 
5-mm segments narrowed >75% = 32 vs 8%, p= 
0.006). 

Previously reported necropsy studies on the coro- 
nary arteries in patients with peripheral vascular dis- 
ease with and without amputation: No previously re- 
ported study has examined at necropsy the amounts of 
coronary narrowing in patients having previous lower 
limb amputation. 

Previously reported coronary angiographic studies 
in patients with symptomatic peripheral arterial ath- 
erosclerotic disease: Although a number have de- 
scribed the frequency of clinical evidence of myocar- 
dial ischemia in patients with peripheral arterial dis- 
ease,*-!^ few previously published studies have reported 
the amounts of coronary narrowing by angiogram in pa- 
tients with intermittent claudication or lower limb tissue 
necrosis, or both. Schoop et al!? in 1966 performed cor- 


1150 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 70 


ONENE 





96-100% 
76-95% 
51-75% 
26-50% 
0-25% 


FIGURE 3. Comparison of mean percent- 


amputees: 11 patients 

without (cases 1 to 11, Table I) and 15 

repr Pere tan 12 to 26, Table I) 
clinical evidence of myocardial ischemia. 


* Myocardial Ischemia 


Coronary Arteries 


onary angiography in 28 men (aged 26 to 70 years 
[mean 56]) with symptomatic peripheral arterial dis- 
ease: only 3 patients (11%) had coronary narrowing 
>50% in diameter. Tomatis et al'® in 1972 reported 
findings on coronary angiograms in 72 patients (aged 
39 to 76 years [mean 58]) with symptomatic peripheral 
vascular disease: 34 patients (47%) had narrowing 76 to 
100% in diameter of 1 or more major coronary arteries, 
7 patients (10%) had narrowing 51 to 75%, and the re- 
maining 31 patients (43%) had insignificant (<50% di- 
ameter reduction) coronary narrowing. Hertzer et al!’ 
in 1984 described coronary angiographic findings in 381 
patients (aged 29 to 90 years [mean 62]) with peripher- 
al vascular disease: 218 (57%) had narrowing >70% in 
diameter of 1 or more major coronary arteries, another 
125 patients (33%) had 1 or more narrowings between 
*measurable" to 70% diameter reduction, and the re- 
maining 38 patients (10%) had “angiographically nor- 
mal” arteries. 

Although the present study in many ways is quite 
different from the one reported by Hertzer et al,!" com- 
parison of our study to theirs is nevertheless appropriate 
in some areas: frequency of the presence of 1 or more 
major coronary arteries significantly (27596 cross-sec- 
tional area narrowing at necropsy and >50% in diame- 
ter at angiography) narrowed (24 of 26 patients [92%] 
vs 343 of 381 patients [90%]); frequency of single, dou- 
ble and triple (or quadruple) coronary arterial narrow- 
ing (8, 34 and 50% vs 21, 20 and 18%, respectively); 
frequency of significant narrowing of the left main, left 
anterior descending, left circumflex and right coronary 
arteries (2, 35, 28 and 35% vs 4, 30, 35 and 46%, re- 
spectively); and frequency of clinical evidence of myo- 
cardial ischemia (58 vs 56%). 
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VALVULAR HEART DISEASE 


Morphologic Characterization and Quantitative 
Assessment of Mitral Regurgitation with 
Ruptured Chordae Tendineae by 
Transesophageal Echocardiography 


Kou-Gi Shyu, MD, Meng-Huan Lei, MD, Juey-Jen Hwang, MD, Shen-Chang Lin, MD, 
Peiliang Kuan, MD, and Wen-Pin Lien, MD 


To compare the accuracy of transesophageal 
echocardiography (TEE) with that of transthoracic 
echocardiography (TTE) in the detection of mor- 
phologic characteristics and in the quantitative as- 
sessment of the severity of mitral regurgitation 
with ruptured chordae tendineae, 40 patients with 
ruptured chordae tendineae (group 1) and 20 pa- 
tients with moderate or severe mitral regurgita- 
tion due to other causes (group 2) were studied. 
All echocardiograms were recorded before cardiac 
surgery. Cardiac catheterization was performed in 
55 patients (92%). 

TEE showed greater sensitivity and negative 
predictive value than TTE (100 vs 65%, and 100 
vs 56%, respectively; p <0.005) in the diagnosis 
of ruptured chordae tendineae. Visualization of 
the ruptured chordae (termed snake-tongue sign) 
was highly sensitive and specific (93 and 95%, re- 
spectively) for establishing the diagnosis of rup- 
tured chordae tendineae. The severity of mitral re- 
gurgitation in group 1 patients evaluated by TTE 
color flow mapping was underestimated by 2 
grades in 1 patient and by 1 grade in 6 patients, 
and overestimated by 1 grade in 1 patient, com- 
pared with left ventriculography. In contrast, by 
TEE color flow mapping it was underestimated by 
1 grade in 1 and overestimated by 1 grade in 1 
patient. TEE color flow mapping showed better 
correlation with angiography than did TTE color 
flow mapping (r = 0.82 vs r = 0.49). 

(Am J Cardiol 1992;70:1152-1156) 
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is a frequent finding in patients requiring surgery 

for severe mitral regurgitation.!-? The superiority 
of mitral valve repair over replacement, as it becomes 
the operative procedure of choice,+* makes preoperative 
information concerning the severity and etiology of mi- 
tral regurgitation very important. Previous reports by 
transthoracic echocardiography (TTE) varied in their 
results.?-!^ Transesophageal echocardiography (TEE), a 
new window to the heart, provides better visualization 
of mitral leaflet and identification of ruptured chor- 
dae.'>-!? However, there are no reports on the quantita- 
tive assessment of mitral regurgitation with ruptured 
chordae tendineae by TEE color flow mapping. In this 
study, we compare the accuracy of TTE with that of 
TEE in the diagnosis of mitral regurgitation with rup- 
tured chordae tendineae and in the quantitative assess- 
ment of its severity by TEE color flow mapping. 


F lail mitral leaflet due to ruptured chordae tendineae 


METHODS 

Patients: Over a 40-month period, 52 adult patients 
(31 men, 21 women, age range 25 to 75 years, mean 48) 
suspected of having a flail mitral valve leaflet with rup- 
tured chordae tendineae who underwent both TTE and 
TEE before surgery were eligible for this study. Of 
these, 40 underwent mitral valve surgery and constitute 
group 1. The other 12 patients were excluded because 
they had no symptoms and did not undergo surgery. 
The clinical characteristics of this group are listed in 
Table I. Cardiac surgical procedures and etiologies of 
ruptured chordae are listed in Table II. 

Over the same time period, a control group of 20 
patients (12 men, 8 women, age range 21 to 68 years, 
mean 48) with moderate or severe mitral regurgitation 
and negligible mitral stenosis due to other causes who 
underwent TTE, TEE and subsequent mitral valve sur- 
gery constitute group 2. The clinical characteristics of 
this group are listed in Table I. Types of mitral valve 
surgery and etiologies of mitral valve disease are listed 
in Table II. 

Echocardiographic imaging: All echocardiograms 
were recorded before operation with use of a Toshiba 
SSH-65A, Aloka 870 ultrasound system with a 2.5 or 
3.75 MHz precordial transducer and a 3.75 or 5.0 MHz 
transesophageal transducer. All echocardiographic stud- 
ies were reviewed separately by 2 observers unaware of 
left ventriculographic and surgical findings. Any differ- 
ences in interpretation were resolved by a third observer 
who also did not know any findings. Imagings from 
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TABLE I Clinical Characteristics of 60 Study Patients with 
Mitral Regurgitation 


Group 1 
(n = 40) 


Group 2 
(n = 20) 


49 * 15 
24/16 
30 + 40 


48+ 14 
12/8 
19+6 


Mean age 
Men/women 
Symptom duration (mos) 
NYHA class 
6 
30 
4 
23/37 
47+/7 


Sinus rhythm/AF 

LA diameter (mm) 

LV diameter (mm) 
Diastole 
Systole 

PA pressure (mm Hg) 
Systole 
Diastole 


AF = atrial fibrillation; LA = left atrium; LV = left ventricle; NS = not significant; 
NYHA = New York Heart Association; PA = pulmonary artery. 


both transthoracic and transesophageal examinations 
were stored on %4-inch videotape for playback. 

Transthoracic echocardiography: All transthoracic 
examinations were performed in the standard paraster- 
nal and apical transducer positions. The entire mitral 
valve was carefully examined by sweeping the 2-dimen- 
sional echocardiographic planes in a lateral to medial 
direction. Criteria for the diagnosis of ruptured chordae 
tendineae included the presence of a fluctuating chor- 
dae tendineae in the left atrium or abnormal coaptation 
of mitral leaflets in systole.?-'? 

Transesophageal echocardiography: Patients were 
instructed to fast for 24 hours. Local spray anesthesia 
of the hypopharynx was used with 1% lidocaine. The 
patient was placed in the left lateral recumbent position. 
Standard transesophageal views included 4-chamber 
and transgastric short-axis views. The mitral valve was 
carefully examined by tilting, alternated with withdraw- 
ing and advancing the tip of the endoscope. Criteria for 
the diagnosis of ruptured chordae tendineae included a 
fluctuating chordae in the left atrial cavity during systo- 





TABLE II Etiology of Mitral Valve Disease and Cardiac Surgical 
Procedure 


Group 2 
(n = 20) 


Group 1 
(n = 40) 


Etiology of mitral valve disease 
Idiopathic 
Myxomatous change 
Infective endocarditis 
Rheumatic heart disease 
Systemic lupus erythematosus 
Atrial septal defect with cleft 
Cardiac surgery 
Mitral valve repair 
Mitral valve replacement 
Commissurotomy 
Coronary artery bypass graft 
Patch closure of atrial septal defect 
Aortic valve replacement 
Tricuspid valve repair 


le manifested by a linear echo with high-frequency flut- 
tering (termed the snake-tongue sign [Figure 1]) and 
coil echo in the left atrium (termed the ring sign [Fig- 
ure 2]). 

Color Doppler echocardiography: Quantitative as- 
sessment of mitral regurgitation by TTE was done ac- 
cording to the criteria of Spain et al.?? With use of this 
method, a maximal jet area <4 cm? predicted mild mi- 
tral regurgitation, between 4 and 8 cm? moderate mitral 
regurgitation, and >8 cm? severe regurgitation. Quanti- 
tative assessment of mitral regurgitation by TEE was 
done according to the criteria of Yoshida et al.?! The 
maximal regurgitant jet area between 1.5 and 4 cm? 
predicted mild mitral regurgitation, between 4 and 7 
cm? moderate, and >7 cm? severe mitral regurgitation. 
For each examination, care was taken to use an optimal 
gain setting, which was defined as the maximal gain 
level possible without introduction of signals outside of 
flow areas or onto tissue from an adjoining chamber. 
Most of the transthoracic echocardiographic studies 
were performed sequentially on the same day or 1 to 2 
days before transesophageal studies. 





FIGURE 1. A, transesophageal echocardiographic view showing rupture of anterior chordae tendineae (arrowhead), displace- 
ment of anterior mitral leaflet into left atrium (LA) during systole and creation of a “regurgitant channel" (arrow), the space be- 
tween noncoapted anterior and posterior leaflets. B, rupture of posterior chordae tendineae with displacement of posterior mitral 
leaflet into left atrium during systole and formation of a regurgitant channel (arrow) between both leaflets. This view shows the 
typical snake-tongue sign (arrowhead). LV = left ventricle; RV = right ventricle. 
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Mitral regurgitation color jet was regarded as “‘ec- 
centric” or “central” on the basis of the shape of the jet 
and its jet direction into the left atrium in the standard 
transesophageal chamber view as defined by Himelman 
et al." 

Cardiac catheterization: Cardiac catheterization 
was performed in 37 of 40 group 1 and in 18 of 20 
group 2 patients. The angiographic severity of mitral 
regurgitation was assessed by an observer who did not 
know the result of echocardiographic examination, and 
was classed according to previously published criteria.?? 
Most of the left ventriculograms were recorded within 1 
week of the echocardiographic studies. 

Statistical analysis: Data on patients in groups | 
and 2 were expressed as mean + SD and compared by 
chi-square analysis and unpaired Student's t test. The 
sensitivity, specificity, and positive and negative predic- 
tive value of both transthoracic and transesophageal 
echocardiographic detection of ruptured chordae ten- 
dineae were calculated. The correlation between the se- 
verity of mitral regurgitation from the left ventriculo- 
gram and that from the transthoracic and transesopha- 
geal color Doppler flow mapping were assessed by the 
Spearman's rank correlation method. 


RESULTS 

Clinical features: The clinical characteristics of 
group | patients that were significantly different from 
those of group 2 patients included larger left atrium 
size, higher grade of heart failure and higher pulmonary 
artery pressure. The mean age, ratio of men to women, 
ratio of sinus rhythm to atrial fibrillation, duration of 
symptoms, and size of the left ventricle were not signifi- 
cantly different between these 2 patient groups (Table 
I). Myxomatous and degenerative change in the mitral 
valve were the most frequent causes of ruptured chor- 
dae tendineae in our study. Other causes of ruptured 
chordae tendineae included infective endocarditis, rheu- 
matic heart disease and systemic lupus erythematosus. 
In group 1 patients, 20 underwent replacement and 20 
repair of the mitral valve, whereas in group 2 patients, 





FIGURE 2. Transesophageal view showing the redundancy of 
posterior mitral leaflet (arrow) and forming a ring-like config- 
uration (arrowhead). LA - left atrium; LV - left ventricle; 

RV - right ventricle. 
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16 underwent repair and 6 replacement of the mitral 
valve (Table IT). In the group with ruptured chordae 
tendineae, the posterior leaflet was involved in 22 pa- 
tients, the anterior leaflet in 16 and both leaflets in 2. 
Mitral valve repair was performed in 3 of 16 patients 
with ruptured anterior chordae and in 17 of 22 patients 
with ruptured posterior chordae; mitral valve replace- 
ment was performed in the remaining patients with rup- 
tured chordae tendineae. There was 1 surgical mortality 
in the group with replacement. No surgical mortality 
occurred in the group with repair. 

Echocardiographic findings: TTE disclosed rup- 
tured chordae tendineae in 26 group 1 patients (sensitiv- 
ity 65%) and in 2 group 2 patients (specificity 90%), 
whereas TEE detected these ruptures in all group 1 pa- 
tients (sensitivity 100%) and in 2 group 2 patients 
(specificity 90%) (Figure 3). The sensitivity of TEE in 
detecting ruptured chordae tendineae was significantly 
higher than that of TTE (100 vs 65%, p «0.005). The 
negative predictive value of TEE in detecting ruptured 
chordae tendineae was also higher than that of TTE 
(100 vs 56%, p «0.005). The specificity and positive 
predictive value were not statistically different between 
these 2 examinations. The sensitivity and specificity of 
TTE in detecting fluctuating chordae were 60 and 90%, 
respectively. The snake-tongue sign was observed in 37 
group 1 patients (sensitivity 93%) and 1 group 2 patient 
(specificity 95%) by TEE. The ring sign was observed in 
16 group 1 patients (sensitivity 4096) and 1 group 2 pa- 
tient (specificity 95%) by TEE. Thus, the sensitivity of 
the snake-tongue sign in detecting ruptured chordae 
tendineae using TEE was superior to that of the ring 
sign (93 vs 40%, p «0.005). By TEE in group 1, there 
was disagreement between the 2 observers as to the 
presence of the snake-tongue sign in 2 patients and the 
ring sign in 1 patient. There was no disagreement about 
the lack of these findings in group 2 patients. 

Jet direction of mitral regurgitation: Thirty-eight 
(95%) of 40 group 1 patients had eccentric, peripherally 


sensitivity 


Nl ree ZA TTE 
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FIGURE 3. Comparison of the accuracy of transesophageal 
echocardiography (TEE) and transthoracic echocardiography 
(TTE) in the diagnosis of ruptured chordae tendineae. 

PV = predictive value. 
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directed mitral regurgitation jet (Figure 4). In compari- 
son, 15 (75%) of 20 group 2 patients had eccentric jet 
(p <0.025). All 22 eccentric mitral regurgitation jets 
associated with a posterior ruptured chordae were di- 
rected toward the interatrial septum, whereas all 16 ec- 
centric regurgitant jets associated with an anterior rup- 
tured chordae were directed toward the posterolateral 
atrial wall. In 2 of the 40 group 1 patients with central 
mitral regurgitation jet, both anterior and posterior mi- 
tral leaflets were ruptured. Of the 15 group 2 patients 
with eccentric mitral regurgitation jet by TEE, 13 had a 
jet that directed toward the posterolateral atrial wall 
and 2 toward the interatrial septum in the standard 
transesophageal 4-chamber view. 

Quantitative assessment of mitral regurgitation: Of 
37 group 1 patients who underwent left ventriculog- 
raphy, 30 had severe and 7 had moderate mitral regur- 
gitation. Of 30 patients with severe mitral regurgitation, 
transesophageal color Doppler flow mapping detected 
maximal regurgitant jet areas of >7 cm? and between 4 
and 7 cm? in 29 and 1 patient, respectively. Transtho- 
racic color Doppler flow mapping detected maximal re- 
gurgitant jet areas of >8 cm? and between 4 and 8 cm? 
in 24 and 6 patients, respectively. Of 7 patients with 
moderate mitral regurgitation, transesophageal color 
Doppler flow mapping detected maximal regurgitant jet 
areas of >7 cm? and between 4 and 7 cm? in 1 and 6 
patients, respectively. Transthoracic color Doppler flow 
mapping detected maximal regurgitant jet areas of >8 
cm2, between 4 and 8 cm? and <4 cm? in 1, 5 and 1 
patient, respectively. The correlation between transe- 
sophageal color Doppler imaging and left ventriculog- 
raphy was good (r = 0.82). Similar analyses were per- 
formed for transthoracic color Doppler imaging and 
yielded a poor correlation (r = 0.49). 


FIGURE 4. Transesopha- 


jet into interatrial septum 


left atrial wall (B) in pa- 
tients with rupture of an- 
terior chordae. Ao — 
aorta; LA - left atrium; 
LV = left ventricle; 

RV - right ventricle. 


DISCUSSION 

In the present study, transesophageal 2-dimensional 
echocardiography and color Doppler flow mapping were 
superior to transthoracic 2-dimensional echocardiogra- 
phy and color Doppler flow mapping in the detection of 
morphologic characteristics and in the quantitative as- 
sessment of severity of mitral regurgitation with rup- 
tured chordae tendineae. 

In detecting ruptured chordae tendineae, TEE was 
highly sensitive and specific. The sensitivity of TEE in 
detecting ruptured chordae tendineae was 100%, which 
was significantly higher than that of TTE (65%) (p 
<0.005). The reported sensitivity of conventional TTE 
in the diagnosis of ruptured chordae tendineae varied 
considerably, ranging from 35 to 96%.?-!7!? In our 
study, the diagnostic yield of TTE was consistent with 
that of other studies. The specificity of TTE in estab- 
lishing the diagnosis of ruptured chordae tendineae was 
the same as that of TEE (90%). There were 2 false- 
positive diagnoses of flail mitral valve in group 2, 1 with 
infective endocarditis and the other with severe mitral 
valve prolapse. The surgical finding in these 2 patients 
revealed multiple vegetations and markedly redundant 
mitral leaflet, respectively. The vegetation on mitral 
leaflet may protrude into the left atrial cavity with flut- 
tering during systole along the motion of mitral valve, 
which mimicked the ruptured chordae producing the 
snake-tongue sign. Markedly redundant mitral leaflet 
produced severe prolapse during systole and formed a 
ring-like coil that could be misdiagnosed as ruptured 
chordae tendineae. 

The snake-tongue sign caused by the loose chordae 
of the leaflet being pushed back into the left atrium in a 
whip-like shape accompanied by high-frequency flutter- 
ing was more sensitive than the ring sign, caused by the 
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redundant mitral leaflet, in the diagnosis of ruptured 
chordae tendineae (93 vs 40%, p <0.005), while the 
specificity was the same. These findings had not been 
reported previously. 

The eccentric mitral regurgitation jet occurred in 
75% of patients in the group with nonruptured chordae 
tendineae. The occurrence was lesser (18%) in the study 
of Himelman et al." The different causes of mitral 
valve disease in these 2 studies possibly explained the 
difference. In the study of Himelman et al,!’ rheumatic 
and ischemic heart disease (55%) were the major causes 
in group 2, whereas degenerative mitral valve disease 
(60%) was the main cause in our study. Because promi- 
nent valvular prolapse may cause eccentric regurgi- 
tation, the eccentricity of the regurgitant jet by trans- 
esophageal color Doppler flow mapping cannot be con- 
sidered as a sign for diagnosing ruptured chordae 
tendineae (specificity 25%). 

Although angiographic grading is recognized as only 
semiquantitative and subjective and is affected by many 
variables, including catheter position, rhythm distur- 
bances, amount of dye injected, chamber size, forward 
flow and x-ray penetration, it is the traditional and most 
widely accepted standard for assessing mitral regurgita- 
tion. In the TTE study of Spain et al,?? the correlation 
of all precordial Doppler color flow measurements with 
angiographic grades of mitral regurgitation were closely 
comparable. Use of the ratio of maximal jet area to left 
atrial area to assess the severity of mitral regurgitation, 
previously published by Helmcke et al,?^ was not better 
than those obtained with use of maximal jet area 
alone.? With use of this method, the severity of mitral 
regurgitation was underestimated by 1 grade in 5 pa- 
tients and 2 grades in 1 (r = 0.49). In the TEE study of 
Yoshida et al,?! the maximal jet area between 4 and 7 
cm? predicted moderate mitral regurgitation on angiog- 
raphy, with a sensitivity and specificity of 100 and 95%, 
respectively, whereas the maximal jet area of >7 cm? 
predicted severe mitral regurgitation, with a sensitivity 
and specificity of 83 and 100%, respectively. With this 
method, the severity of mitral regurgitation was overes- 
timated by 1 grade in 1 patient and underestimated by 
1 grade in 1 patient (r = 0.82). Precordial color Doppler 
flow mapping may underestimate the severity of mitral 
regurgitation in patients with a flail mitral leaflet?? be- 
cause the regurgitant jet may be narrow and can turn 
around on itself. 

Mitral valve prolapse and chordae tendineae rupture 
were the most common cause of mitral regurgitation, 
severe enough to necessitate mitral valve replacement! 
as in our study. Because artificial valve replacement has 
many limitations, repair rather than replacement is 
more frequently used when technically feasible.* 5 Ac- 
curate evaluation of anatomic change and severity of 
regurgitation before surgical correction are very impor- 
tant in order to have a greater chance of successful re- 
pair and to prevent permanent myocardial damage. In 
this respect, TEE should be considered in all patients 
suspected of ruptured chordae tendineae. 
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Echocardiographic and Doppler studies were per- 


formed in 134 patients with a Hancock biopros- 
thesis in the mitral valve position during a follow- 
up period of 1 to 216 months. Among the xeno- 
grafts, 57% were clinically normal and 43% had 
severe dysfunction. Among the normal biopros- 
theses, 35% had echocardiographically thickened 
mitral cusps (>3 mm) with normal hemodynamic 
function; by setting the lower 95% confidence lim- 
it of valve area at 1.7 cm? these patients had a 
significantly (p <0.01) smaller valve area than 
that of normal control subjects. Evaluation of all 
thickened normal mitral valves showed the highest 
incidence of thickening at 9 years after implanta- 
tion. Valve replacement surgery was subsequently 
performed in 33 patients with dysfunctioning bio- 
prostheses, and echocardiographic diagnosis was 
confirmed in 91% of explanted valves (biopros- 
thetic stenosis 21%, incompetence 46%, and com- 
bined stenosis and regurgitation 33%). In 2 valves 
that were found to be stenotic on echocardio- 
graphic examination, a calcium-related commis- 
sural tear was also observed at reoperation, and 
in another, a paravalvular leak was found. Dystro- 
phic calcification, isolated (64%) or occasionally 
associated with fibrous tissue overgrowth (21%), 
was the main cause of failure. Pannus was present 
in prostheses with longer satisfactory function 
(168 + 31 vs 124 + 21 months; p <0.001). Long- 
term performance was evaluated by the Kaplan- 
Meier method for up to 18 years of follow-up. 
Freedom from structural valvular disfunction after 
mitral replacement was 89% at 6 years, 77% at 8 
years, 56% at 10 years, 31% at 12 years, 16% at 
15 years, and 15% at 18 years. 

(Am J Cardiol 1992;70:1157-1163) 
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able in 1970, and a large quantity of evidence has 

since shown that they have a satisfactory hemo- 
dynamic performance and a low rate of thromboembo- 
lism, but a poor durability. One particular problem is 
the potential risk for tissue degeneration that is charac- 
terized by leaflet disruption or calcium deposition, or 
both, and may result in hemodynamically significant re- 
gurgitation or stenosis, or both.!? Therefore, patients 
with bioprosthetic valves need careful follow-up to eval- 
uate the timing of reoperation. To this end, echocardi- 
ography appears to be the noninvasive technique of 
choice-!?; 2-dimensional echocardiography provides an- 
atomic information on the status of the cusps, whereas 
Doppler studies and color flow imaging may help in as- 
sessing functional status. The object of this study was 
to delineate the characteristics of normally functioning 
Hancock bioprostheses and detect degenerated and mal- 
functioning valves, as well as to predict the time of fur- 
ther dysfunction in individual patients. We used 2-di- 
mensional and Doppler echocardiography to evaluate 
134 patients in whom a Hancock bioprosthesis had been 
implanted in the mitral position 1 to 216 months before 
examination. 


P orcine bioprostheses became commercially avail- 


METHODS 

Study population (retrospective analysis): From 
January 1985 to February 1990, 134 patients with a 
Hancock bioprosthesis in the mitral position were stud- 
ied. In each case, a physical examination was per- 
formed, as well as M-mode, 2-dimensional and Doppler 
echocardiography; color flow imaging studies were rou- 
tinely initiated in April 1989. These patients constitute 
31% of our entire case series that underwent Hancock 
valve implantation from 1970 to 1990, and comprise 36 
men and 98 women (age range 35 to 76 years, mean 57 
+ 9) who were followed up for <18 years (116 + 47 
months) after initial valve replacement. Echocardio- 
graphic evaluation was performed at least once a year. 

Valve replacement surgery was subsequently per- 
formed in 33 patients with dysfunctioning bioprostheses. 
Pathologic findings were considered the reference stan- 
dard against which echocardiography and Doppler stud- 
ies were matched. 

Echocardiography: We used a phased-array ultra- 
sound system (Hewlett-Packard 77020 AC and Sonos 
1000 77030 A), 1 equipped with Duplex 2.5 and 3.5 
MHz transducers, and an independent Pedoff for imag- 
ing, spectral Doppler and color flow mapping. The color 
flow Doppler system was set to maximum packet size 
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TABLE I Hancock Porcine Mitral Prostheses 


Gradient 











Peak 





Mean Valve Area 





Normal 13 +3 5+2 2.5 = 0.5 


Thickened 15 + 5* 6 + 3t 2.2 + 0.31 
Stenotic 20 + 615 9 + 4t| 1.3 + 0.31$ 
Regurgitant 20 + 6t 8 + 3t 2.1 + 0.31 
Stenotic/ regurgitant 24 + 91 11351 1.3 :£ 0.31 






*p eds tp «0.01; tp «0.0001; $p «0.0001; |p «0.002 compared with 
normal. 


and minimum reject, with gain just below the level at 
which ambiguous color flooding occurred. Both en- 
hanced and variance threshold maps were used. M- 
mode and 2-dimensional echocardiographic studies of 
the valves were based on parasternal, long- and short- 
axis, and apical 4-chamber views. 

Valve thickness was measured from M-mode echo- 
cardiography during systole.!! Left ventricular volumes 
were determined using an ellipsoidal biplane area-length 
model derived from left ventricular images in the apical 
4-chamber view.!^ Ejection fraction was calculated as 
follows: ejection fraction = end-diastolic volume — end- 
systolic volume/end-diastolic volume. The peak velocity 
profile across the mitral valve prosthesis was obtained 
from the apical view. Peak valve gradient (mm Hg) was 
estimated from the maximal recorded transvalvular ve- 
locity, using the modified Bernoulli equation. Mean mi- 
tral valve gradient was measured by an on-line Hewlett- 
Packard Doppler measurement package. The mitral 
valve orifice was determined using the pressure half- 
time (P1?) method (valve area = 220/P;;). All calcu- 
lations were based on an average of 3 cardiac cycles in 
patients with normal sinus rhythm, and 5 cycles in those 
with atrial fibrillation. 

The presence of mitral regurgitation was diagnosed 
by spectral Doppler when there was a pansystolic flow 
abnormality in the left atrium and by color flow imag- 
ing when a retrograde systolic turbulent jet was detect- 
ed in the left atrium. After being identified, the severity 
of the regurgitant flow was quantified by mapping tech- 
niques’ using spectral or color Doppler, or both!9; 76% 
of patients had only spectral Doppler assessment of re- 
gurgitation, whereas 24% had color also. Regurgitation 
was characterized as follows: mild, when it extended 
from the valve plane to <2 cm into the atrial chamber 
or when the color flow jet occupied <20% of the left 
atrial chamber; moderate, if it extended 2 cm from the 
valve to the anterior half of the atrial cavity or if the 
color flow jet occupied 20 to 40% of the left atrial 
chamber; and severe, if it extended into the posterior 
half of the atrial cavity or if the color flow jet occupied 
>40% of the left atrial chamber. Regurgitation was 
considered transvalvular if its origin was observed with- 
in the orifice (as defined by the forward flow pattern) in 
>2 different views. Periprosthetic leaks were recognized 
by the detection of regurgitant jets originating from the 
junction between the prosthetic ring and annulus.!° 

Statistical analysis: All values were expressed as 
mean + SD. The 95% confidence limits of normal 


valves were established from Doppler analysis of bio- 
prostheses that were judged normal by clinical and 2- 
dimensional echocardiographic examination. The upper 
and lower limits were those given by the group mean + 
1.645 SD. Analysis of variance was performed for con- 
tinuous data to determine the statistical significance of 
group differences. Actuarial curves were analyzed for 
differences according to Kaplan-Meier,!? and standard 
error was calculated for each year of follow-up. 


RESULTS 

Normal porcine mitral valves: M-mode, 2-dimen- 
sional and Doppler echocardiographic studies were per- 
formed in 76 patients with normally functioning bio- 
prosthetic mitral valves. 

For the purpose of this study, normal bioprosthesis 
function was defined as the absence of symptoms attrib- 
utable to infective endocarditis and of clinical evidence 
of mitral stenosis or regurgitation, or both, in the pres- 
ence of unchanged, objective, electrocardiographic and 
x-ray findings compared with at the first clinical exami- 
nation at 1 month after surgery. Twenty-seven patients 
in this group had echocardiographically thickened cusps 
(Z3 mm), but no signs or symptoms suggestive of either 
mitral stenosis or endocarditis; these prostheses are re- 
ferred to as “thickened valves" with normal hemody- 
namic function. Table I lists peak and mean transvalvu- 
lar gradients, and valve area. In the 49 patients with a 
normal mitral valve, peak gradient ranged from 6 to 21 
mm Hg (average 13 + 3) and mean gradient from 2 to 
12 mm Hg (average 5 + 2). Mitral valve area ranged 
from 1.8 to 3.6 cm? (average 2.5 + 0.5); an area of 1.8 
cm? was found only in 2 patients with depressed left 
ventricular function. The 95% confidence limits for peak 
and mean gradients and valve area were 7-18 mm Hg, 
2-8 mm Hg, and 1.7-3.3 cm", respectively. In compar- 
ing normal and thickened prostheses, the latter had sig- 
nificantly higher peak (p «0.005) and mean (p «0.01) 
gradients and a reduced valve area (p «0.01) (Table I). 

functioning porcine mitral valves: Fifty- 
eight patients had mitral dysfunction and were either 
symptomatic in functional class II to IV (New York 
Heart Association criteria) or had a change in signs 
during clinical follow-up. Mitral stenosis or regurgita- 
tion, or both, were suggested by modifications in physi- 
cal examination, and electrocardiographic and chest x- 
ray findings. 

Valve regurgitation was diagnosed only by spectral 
Doppler in 23 cases (mild, moderate and severe in 3, 8 
and 12 patients, respectively) and also by color Doppler 
in 9 (mild, moderate and severe in 2, 1 and 6, respec- 
tively). In 4 patients, the leaflets prolapsed beyond the 
plane of the sewing ring during systole (flail) (3 severe 
and 1 moderate regurgitation). The peak (20 + 6 mm 
Hg) and mean (8 + 3 mm Hg) gradients in these pa- 
tients with regurgitation were significantly higher than 
those observed in normally functioning prostheses (13 + 
3 mm Hg [p <0.0001] and 5 + 2 mm Hg [p «0.01 ], 
respectively) (Table I). Only 1 paravalvular leak was 
documented by Doppler echocardiography. Fifteen pa- 
tients underwent surgery, and pathologic examination 
of the explanted valve confirmed the echocardiographic 
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diagnosis. One or more calcium-related commissural 
tears were found in all but 1 incompetent valve in which 
the commissural tear was primary and related to cuspal 
lipidosis. 

Valve stenosis was observed in 19 patients, with cal- 
cification of the leaflets in 11. These stenotic prostheses 
had a significantly reduced Doppler-estimated mitral 
area (average 1.3 + 0.3 cm?) and an increased peak 
gradient (average 20 + 6 mm Hg) compared with those 
of normal (p <0.0001) and thickened (p <0.0001) 
valves (Table I). Seven patients were reoperated, and 
pathologic findings indicated that the causes of mitral 
valve stenosis were dystrophic calcification and pannus 
in 4 cases, dystrophic calcification in 2, and isolated fi- 
brous tissue overgrowth in 1. Two explanted valves had 
a commissural tear not documented by echocardio- 
graphic examination, and in 1 patient, a perivalvular 
leak not evidenced by echocardiographic study was ob- 
served at surgery. 

The presence of both stenosis and regurgitation was 
indicated by Doppler evaluation in 16 patients, 11 of 
whom underwent surgery; operative findings and ex- 
planted valve examination confirmed the Doppler diag- 
nosis in each case. Table I lists peak and mean gradi- 
ents, and valve area. The pathology leading to combined 
stenosis and regurgitation was dystrophic calcification 
with cuspal tearing in 5 cases, dystrophic calcification 
and pannus in 4, endocarditis plus pannus in 1, and par- 
avalvular leak with fibrous tissue overgrowth in 1. Dys- 
trophic calcification accounted for most unsuccessful 


explants, regardless of the mode of dysfunction; when 
dystrophic calcification was strategically located only at 
the commissures leading to tearing, the mode of failure 
consisted of pure regurgitation; when it also involved the 
cuspal body in the absence of tearing, cusp stiffness was 
prevalent and accounted for stenosis; when it involved 
the cusps and was also associated with cusp tearing or 
eggshell fragmentation with loss of substance, combined 
stenosis and regurgitation appeared. 

Actuarial curves: Freedom from primary tissue fail- 
ure was 93 + 2% at 5 years, 89 + 2% at 6 years, 77 + 
4% at 8 years, 56 + 5% at 10 years, 31 + 5% at 12 
years, 16 + 4% at 15 years, and 15 + 1% at 18 years 
(Figure 1). Furthermore, in analyzing the progression 
of the incidence of degeneration in the mitral biopros- 
theses, as assessed by 2-dimensional study, we obtained 
a Gaussian curve with the maximum of thickened pros- 
theses at 9 years of function, and the maximum of dys- 
functioning prostheses at 10 years (Figure 2). 

Correlation between echocardiographic data and 
pathologic findings: Thirty-three abnormally function- 
ing mitral bioprostheses (56%) were explanted. Table II 
compares echocardiographic data with pathologic find- 
ings. The modes of failure could be distinguished as pri- 
mary (dystrophic calcification, primary tears and fi- 
brous tissue overgrowth) and secondary (endocarditis 
and paravalvular leak). Dystrophic calcification, either 
isolated (21 prostheses; 64%) or in association with fi- 
brous tissue overgrowth (6 prostheses; 18%), was the 
leading cause of failure, followed by primary tears (1 
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FIGURE 1. Plots of freedom from structural valvular dysfunction after mitral replacement. MV = mitral valve; ST. K.M. = statis- 


tical Kaplan-Meier. 
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TABLE Il Pathologic Findings in Hancock Mitral Bioprostheses; Correlation Between Echocardiographic and Pathologic Findings 
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prosthesis; 3%). Isolated fibrous tissue overgrowth was 
found in only 1 explant (3%) (Figure 3). Secondary fail- 
ure occurred in 4 prostheses; 2 due to paravalvular leak 
(6%) and 2 to endocarditis (6%). The infected valves 
showed cusp perforation in 1 case (Figure 4B) and cusp 
vegetations in the other. Furthermore, minor valve pa- 
thologies that in themselves were not causes of dysfunc- 
tion were also observed (stent bending [Figure 4C], he- 
matoma, sewing ring loop, mild calcification and lipido- 
sis, and nonobstructive fibrous tissue overgrowth). 

Dystrophic calcification, when isolated, occurred 
most frequently at the commissures (31 valves) and 
caused calcium-related tears and prosthetic valve in- 
competence in 14 prostheses. In 7 explants, calcification 
also extended to the cusps leading to leaflet fragmenta- 
tion or stiffness, or both, and accounted for prosthetic 
valve stenosis or combined stenosis and regurgitation. 
Cusp billowing was observed macroscopically in 4 cal- 
cific prostheses (Figure 5B), 3 of which were previously 
identified by 2-dimensional echocardiography in the 4- 
chamber view (Figure 5A). 

Fibrous tissue overgrowth was present as a major 
cause of dysfunction or a minor associated pathology on 


FIGURE 3. Case 33. A, apical 4-chamber (4CH) view. Two-di- 
mensional echocardiogram of stenotic porcine mitral bio- 
prosthesis. Note continuous line at atrial level in diastole. B, 


pathologic specimen from same patient as in A. Evidence of fi- 
brous tissue overgrowth causing stenosis in Hancock porcine 


the atrial surface of 15 bioprostheses, but was observed 
by 2-dimensional echocardiography in only 3 cases 
(Figures 3A and 4A). Pannus ingrowth is difficult to 
differentiate from the prosthetic annulus by echocardio- 
graphic imaging. When pannus was observed, a longer 
duration was demonstrated; explanted xenografts with 
associated fibrous tissue overgrowth had been in place 
for 168 + 31 months compared with 128 + 22 months 
for those without pannus (p «0.001). 

Overall, the echocardiographic diagnosis of valve 
dysfunction was confirmed by pathologic examination 
in 30 of 33 cases (accuracy 91%). In 2 valves that were 















FIGURE 4. Case 32. A, apical 4-chamber view. Continuous 
line at atrial level in diastole (open arrow) corresponds to pan- 
nus. Closed arrows delineate stent postbending. B, pathologic 
specimen from same patient as in A. Evidence of fibrous tis- 
sue overgrowth at atrial level of both stenotic and regurgitant 
valve explanted after 214 months. Note cuspal fraying caused 
by infective endocarditis. C, inflow aspect of mitral biopros- 
thesis shows stent postbending. HMB - Hancock mitral bio- 
prosthesis; other abbreviations as in Figure 3. 
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judged stenotic on echocardiographic examination, a 
commissural tear was also evidenced at reoperation, and 
in 1, a paravalvular leak was found. Among 15 incom- 
petent prostheses documented by Doppler examination, 
commissural calcium-related tears were observed in 14, 
and a primary tear had occurred in 1. 

Pure stenosis was present in 4 explanted valves in 
which fibrous tissue overgrowth occurred alone (1 case) 
or was associated with significant calcification (3 cases). 
We found that 14 explanted valves were both stenotic 
and regurgitant (Figure 6), mostly due to dystrophic 
calcification with some degree of calcium-related tear- 
ing and fibrous tissue overgrowth. Pannus was also pre- 
sent in 3 other xenografts (in association with endocar- 
ditis in 2, and paravalvular leak in the other). 


DISCUSSION 

This report describes a long-term study of valvular 
replacement with porcine mitral bioprostheses in which 
function was assessed by 2-dimensional and Doppler 
echocardiography. Whereas it is well-known that these 
xenografts have a limited durability,'-? diagnosis of 
their dysfunction is a clinical challenge. In this setting, 
noninvasive evaluation by 2-dimensional and Doppler 
echocardiography is feasible, accurate and cost-effective 


pathologic 
billowing in calcified mitral bioprosthesis explanted after 119 
months of function. Abbreviations as in Figures 3 and 4. 





for clinical decision making and monitoring bioprosthe- 
sis function.*!? 

In this study, the anatomic and functional character- 
istics of normal bioprostheses were defined by M-mode, 
2-dimensional, pulsed- and continuous-wave Doppler 
examinations, and in some cases by color Doppler stud- 
ies. In agreement with Alam et al,!! echocardiographic 
findings in the group of 76 clinically normal mitral bio- 
prostheses indicated 27 thickened valves (23 mm thick 
valve cusps). Compared with normal control values, 
these valves were stiffer and had a significantly higher 
peak gradient. During long-term follow-up, 9 thickened 
bioprostheses developed stenosis or incompetence. In 
evaluating all thickened normal mitral valves, 5% had 
leaflet thickening at 5 years of function, and the highest 
incidence of thickening was found at 9 years. Therefore, 


APICAL 20H 





FIGURE 6. Case 4. A, color flow Doppler of severely regurgi- 
tant prosthesis in apical 2-chamber (APICAL2CH) view. Note 
(arrow) regurgitant jet in left atrium (LA) at level of posterior 
leaflet of bioprosthesis. B, pathologic specimen from same pa- 
tient as in A. Evidence of commissural tear in dystrophic calci- 
fied bioprosthesis, both stenotic and regurgitant, removed af- 
ter 92 months of function. LV = left ventricle; MIPR = mitral 
prosthesis. 
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we recommend echocardiographic assessment at least 
once a year, and more frequent follow-up after 9 years. 

Echocardiographic and Doppler studies were also 
performed in 58 dysfunctioning xenografts: 39% had re- 
gurgitation, 33% stenosis, and 28% combined stenosis 
and regurgitation. The lower 95% confidence limit of 
valve area for porcine mitral bioprostheses was 1.7 cm?; 
below this value, the valves were considered stenotic. 

To date, 33 mitral bioprostheses have been ex- 
planted. In comparing 2-dimensional and Doppler data 
with pathologic findings, echocardiographic diagnosis 
(bioprosthetic stenosis 21%, incompetence 46%, and 
combined stenosis and regurgitation 33%) was con- 
firmed in 30 cases (91%); a paravalvular leak and 2 
calcium-related commissural tears that caused regurgi- 
tation were not identified in 3 cases. Transesophageal 
echocardiography was not available during this study; 
we expect that it would have increased the diagnostic 
identification of regurgitation and helped us recognize 
paravalvular leak. This procedure is now performed 
routinely when clinical findings suggest prosthetic dys- 
function. 

Dystrophic calcification, isolated (64%) or associ- 
ated with fibrous tissue overgrowth (21%), was the 
main cause of failure.’ Fibrous tissue overgrowth was 
present in xenografts with a longer duration of satisfac- 
tory function.!6 Therefore, the echocardiographic detec- 
tion of pannus presence may be predictive of a lengthy 
bioprosthetic duration: however, fibrous tissue over- 
growth is often not readily distinguished from the bio- 
prosthetic annulus. This longer duration may be ex- 
plained by a protective effect of the fibrous tissue over- 
growth on the bioprosthetic leaflets and by a reduction 
in dystrophic calcification. 

The long-term performance of the Hancock porcine 
valve was evaluated by a nonparametric estimation of 
incomplete observation (Kaplan-Meier method),'> with 
follow-up of up to 18 years.!"-?! Freedom from structur- 
al valvular dysfunction after mitral replacement was 
93% at 5 years, 89% at 6 years, 77% at 8 years, 56% at 
10 years, 31% at 12 years, 16% at 15 years, and 15% at 
18 years. Analysis of the Gaussian curve of mitral valve 
dysfunctioning revealed peak failure at 10 years of func- 
tion. 

Although this echocardiographic investigation dem- 
onstrated the progressive drop observed in actuarial 
curves of patients without failure, it has some limita- 
tions. The echocardiographic studies were retrospective, 
and color Doppler was not performed in each patient. 
Furthermore, transesophageal echocardiography, which 
would have enabled better visualization of the prosthe- 
ses and overcome some limitations inherent to 2-dimen- 
sional imaging, was not performed. Finally, actuarial 
analysis was performed only in 134 patients who repre- 
sent 31% of the entire case series in which Hancock 
porcine mitral valves were implanted. 
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A New, Noninvasive Method to Monitor the 
Aging of Bioprosthetic Valves in the 
Mitral Position 


Carlo Longhini, MD, Enrico Baracca, MD, Cristiana Brunazzi, MD, Vincenzo Gallucci, MD, 
Alessandro Mazzucco, MD, Franco Barbaresi, MD, and Raffaele Pansini, MD 


Bioprosthetic valves undergo a tissue degenera- 
tion of unpredictable onset and amount. This pro- 
cess alters the structure and function of the valve 
and consequently shortens its lifespan. The echo- 
cardiographic technique usually used in the fol- 
low-up of these patients does not provide accurate 
information concerning the amount of prosthesis 
tissue degeneration. A new technique has been de- 
veloped based on the spectral analysis of the first 
heart sound, which enables the evaluation of pros- 
thetic leaflet stiffness. The Young’s modulus (E) 
and stress (s) of the valve leaflets were derived as 
functions of the inner diameter of the heterograft 
and its primary vibration frequency, which can be 
obtained from the frequency spectrum of the first 
heart sound. Thirty-six patients with a mitral bio- 
prosthetic valve were studied. Fifteen had thicken- 
ing or calcification, or both, of the valvular leaflets 
at echocardiographic examination. In patients 
with a normal valve, E and s showed a good corre- 
lation with the duration of implantation (r = 0.909, 
p <0.001; and r = 0.828, p <0.001; respectively). 
Patients with abnormal leaflets had values of E 
and s that were greater than the theoretical values 
expected for their duration of implantation. The 
procedure is sensitive, accurate and easy to per- 
form, and enables monitoring of the aging of the 
prosthetic valve and early identification of valve 
tissue degeneration. Together with echocardiogra- 
phy, this procedure yields a more complete evalua- 
tion of prosthetic valves for the follow-up of pa- 
tients. 

(Am J Cardiol 1992;70:1164-1168) 
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valve prostheses has rendered the periodic controls 

of the condition of the graft necessary. Follow-up 
is particularly useful in patients with biological prosthe- 
ses, because aging processes depend on tissue degenera- 
tion that is characterized by thickening or calcification, 
or both, of the leaflets.'-? Tissue degeneration leads to 
structural and functional changes of the valve and to an 
increased stiffness that precedes overt dysfunction.^? 
The early identification of these morphofunctional ab- 
normalities enables the individuation of a high-risk sub- 
set of patients to be closely monitored for signs of im- 
pending valvular malfunction. The structural alterations 
of biological valves are associated with acoustic modifi- 
cations of the heart sounds, characterized by a shift 
toward high frequencies of the frequency spectrum.!0-!? 
Based on spectral analysis of the first heart sound (S1), 
a new technique has been developed that provides in- 
dexes of prosthetic stiffness useful for the evaluation of 
the extent of tissue degeneration, with the aim of devis- 
ing a noninvasive method for the evaluation of the aging 
process of bioprosthetic valves. Spectral analysis of the 
valve sounds is an interesting approach in the assess- 
ment of the condition of bioprosthesis, because it is 
atraumatic, sensitive and very accurate.!?-!5 


T* increasing number of patients with cardiac 


METHODS 

Patients: The study cohort comprised 36 subjects 
(aged 59 to 76 years) with mitral bioprosthetic valves. 
All subjects underwent clinical examination, phonocar- 
diography, 1- and 2-dimensional echocardiography, and 
Doppler study. The cohort was divided into the follow- 
ing 2 groups: group A = 21 patients with normal valves 
(Table I); and group B = 15 with thickened or calcified 
valvular leaflets, with or without valvular stenosis (func- 
tional mitral valve area «1.2 cmq) or regurgitation, or a 
combination (Table II). 

Phonocardiogram and spectral analysis: A phono- 
cardiogram was obtained during held expiration at the 
apex. A lead II electrocardiogram was simultaneous- 
ly recorded. A contact-type, preamplified, piezoelectric 
microphone was calibrated on a vibrator, showing a flat 
response curve from 5 to 1,000 Hz. The signal was 
passed through a T-type Maass & Weber filter, with a 
cut-off 2650 Hz, and connected to a polygraph. The 
phonocardiogram and electrocardiogram were digitized 
using an 8-bit analog-to-digital converter controlled by 
a 6510/c microprocessor with a 1,282 Hz sampling fre- 
quency, yielding a Nyquist frequency of 641 Hz. The 
signal was processed to demean. The S1 was extracted 
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with an interactive program, using a Hanning window 
of 175 ms operated on the data file. The Hanning win- 
dow was surrounded with O-padding data, building up 
a data record of 512 points (400 ms). This record was 
analyzed using the fast Fourier transform to obtain fre- 
quency versus amplitude spectra ranging from 0 to 500 
Hz at 2.5 Hz intervals. For each subject, the average 
spectrum was obtained from 8 spectra. The spectra of 
all patients were normalized with respect to peak ampli- 
tude, and the values of the peaks of the spectrum were 
determined in all subjects.!?-?! 

With the use of a vibrating model described by Van 
Vollenhoven et al? the constitutive properties of the 
mitral valve — the Young's modulus (E) and stress 
(s) — can be evaluated by finding the diameter of the 
valve and its primary frequency of vibration (Fn), which 
corresponds to one of the frequency peaks in the spec- 
trum of S1. Therefore, it is necessary to identify the 
frequencies generated by the bioprosthesis among those 
generated by the contraction of the ventricular struc- 
tures. This is possible using the aforementioned vibrat- 
ing model? in which the acoustic vibrations generated 
by the mitral valve cannot have frequencies lower than 
a theoretical value (Flb) obtainable from the following 
equation: Flb = 69421.2/[1.114 - (a/Ws)? — 46.88] - a? 
(equation 1), where “a” is the radius of the valve, and 
*Ws" is the maximal value of the static deflection. Con- 
sequently, Fn is the frequency of the first actual peak 
higher than Flb. This model enables evaluation of the 
elastic properties of the acoustic vibrating system yield- 
ing its E and s by solving the following equations: 
E = 1.114 - (at) (Fn/Ws)? (equation 2); and s = 2.7579 
- (Fn?) (a?) (equation 3). 

The parameters needed for the computation of E 
and s are Fn (obtainable from spectral analysis of S1) 
and the diameter of the valve, as provided by the sup- 
plying company. 

Computation of Young's modulus and stress: The 
solution of equation 1 allowed the computation in each 
patient of Flb based on the inner diameter of the pros- 
thesis. Subsequently, the first real frequency peak high- 


TABLE | Data of Patients with a Normal Morphofunctional 
Prosthetic Mitral Valve 
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C = calcifications; D = diameter of the prostheses (mm); E = Young's modulus 
(dyne/cmq * E-05); Fn = primary frequency of vibratran; G = mean transvalvular 
gradient (m); H = Hancock; M = duration of implantation (mos); MVA = functional 
mitral valve area (cmq); P = peak transvalvular gradient (m/s); R = regurgitation; s = 
stress (dynes/cmq/E-04); T = type of bioprostheses; X = Xenomedica; — = absence; 
+ = slight; ++ = moderate; +++ = middle; ++++ = severe. 





er than Flb was assumed to be Fn and was used to com- 
pute E and s, solving equations 2 and 3, respectively. 
Statistics: Differences among the values of E, s, du- 
ration of implantation, functional mitral valve area, and 
mean and peak gradients in the 2 groups were examined 
with Student's t test. The duration of implantation was 
correlated with E, s, functional mitral valve area, and 
mean and peak transmitral gradients. Echocardiograph- 
ic parameters were correlated with E and s. Statistical 
analysis was performed using a personal computer with 


TABLE Il Data of Patients with a Dysfunctional Prosthetic Mitral Valve 
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Abbreviations as in Table |. 
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standard programs, and statistical significance was set 
at p <0.001. 


TABLE Ilii Real and Estimated Values of Young's Modulus (E) 
and Stress (s) in Group B 


RESULTS 

Computation of Young's modulus and stress: The 
model used for the pathophysiologic interpretation of 
the development of the spectral components of S1 en- 
abled the computation of the lowest frequency generat- 
ed by the prosthesis (equation 1). Assuming the static 
deflection as constant at 2 mm,? the Flb values ob- 
tained from the diameters of the mitral prosthesis were 
60, 38 and 27 Hz for diameters of 29, 31 and 33 mm, 
respectively. The values of E and s obtained from the 
diameter and Fn in each patient are listed in Tables I 
and II. 

In group A, mean E was 4.78 + 1.25 dynes/cm? - 
1075, and mean s was 2.21 + 0.77 dyne/cm? - 107^. In 
group B, mean E was 8.59 + 1.85 dynes/cm? - 1075, | | UN 
and mean s was 4.38 T" 1.28 dynes/cm? r 1074. deir mme iom a gr e of s; fl — fiducial limit; mE — 





Months 





Months 
FIGURE 2. Young's modulus (E) (top) and stress (s) (bottom) 
FIGURE 1. Young's modulus (E) (dynes/cm? - 10-5; top) and of group B on vertical axes are displayed versus duration of 
stress (s) (dynes/cm? - 10-4, bottom) of group A on vertical implantation on horizontal axes. Boundary fiducial limits were 
axes are displayed versus duration of implantation on hori- set at 1 (thin line) and 2 (thick line) SE from correlation line 
zontal axes. (dashed line). 
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Student's ¢ test (performed to compare the 2 groups) 
yielded p <0.001 for Fn (t = 11.29), E (t = 12.46), s 
(t = 13.33), functional mitral valve area (t = 5.32), and 
mean (t = 4.77) and peak (t = 3.45) transvalvular gra- 
dients. No significant differences were observed for di- 
ameter of prostheses and for duration of implantation. 

Correlations: In group A, the correlation analysis 
performed between the duration of implantation and 
the E and s values produced r values of 0.909 (p 
<0.0001, slope 0.02 and constant 3.46) and 0.833 (p 
<0.0001, slope 0.01 and constant 1.51), respectively. 
However, the duration of implantation had only a low 
correlation with functional mitral valve area (r = 0.496; 
p <0.05), and no correlation with mean (r = 0.37; 
p = not significant [NS]) or peak (r = 0.014; p = NS) 
transvalvular gradients. Functional mitral valve area 
had a low correlation with mean transvalvular gradient 
(r = —0.470; p <0.05); no correlations with E (r= 
—0.333; p= NS) and s (r=—0.319; p= NS) were 
found. Mean transvalvular gradient had low correla- 
tions with E (r = 0.486; p <0.05) and s (r = 0.436, p 
<0.05). Peak transvalvular gradient had no correlation 
with either E (r = 0.055; p= NS) or s (r = —0.090; 
p = NS). 

In group B, no correlations were found. 


DISCUSSION 

Fourier spectral analysis, a purely mathematical 
procedure, accurately characterizes the amplitude-fre- 
quency spectrum of a sound and is extremely sensi- 
tive.!823 The high accuracy of this method renders it 
ideal in the study of the sounds generated by an artifi- 
cial valve.!?-!5 

In patients with thickened or calcified bioprostheses, 
or both, a shift toward high frequencies of the S1 spec- 
trum can be demonstrated. To quantify this shift in 
terms of physical variables, a vibrating model has been 
adopted that can describe the characteristics of the 
S1 spectrum beginning from the structures involved in 
its development. The use of this model in patients 
with bioprosthetic valves needs (as in those with native 
valves) the preliminary identification of the valvular 
component in the S1 spectrum. 

In a previous study, we demonstrated the existence 
of significant correlations between echocardiographic 
parameters related to various cardiac structures and dif- 
ferent components of the S1 spectrum, thus confirming 
the applicability of the same physical model in patients 
with a bioprosthetic valve.?* 

By solving equations 2 and 3, the values of E and s 
were computed in all patients. These values were signifi- 
cantly higher in group B than in A. This confirms that 
bioprostheses with structural alterations have an in- 
creased stiffness, and the validity of the method to iden- 
tify structurally altered valves. 

Furthermore, the values of E and s obtained in 
group A had a highly significant correlation with the 
duration of implantation (Figure 1). Thus, it is possible 
to use E and s for daily monitoring of the normal aging 
process of bioprostheses. The absence of correlations be- 
tween the time of implantation and echocardiographic 
parameters rules out the possibility of employing echo- 


cardiography in the evaluation of the aging process of 
the valve. 

Patients in group B had E and s values greater than 
the upper boundary fiducial limits traced at 1 SE from 
the theoretical value that one would expect for a given 
duration of implantation, as computed from the correla- 
tion line built in group A. Setting the boundary fiducial 
limits at 2 SE, 13 of 15 values of E and 6 of 15 values of 
s were greater than the upper limit (Table III and Fig- 
ure 2). 

In conclusion, the method proposed enables individu- 
ation of those patients in whom the valvular aging pro- 
cess has been more rapid than expected. Both E and s 
have shown correlations with the duration of implanta- 
tion of the prostheses, and consequently, their usefulness 
in the monitoring of the aging process in time. However, 
the computation of E appears to be more accurate in 
individuating patients with an abnormally fast aging 
process of the valve. This method enables a routine 
monitoring protocol of bioprosthetic sounds based on 
the spectral characteristics of S1 and is a valid indicator 
of early structural changes in the valve. 
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Mitral Regurgitation Complicating Percutaneous 
Mitral Valvotomy with the Inoue Balloon 
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Javier Goicolea, MD, Andrés Iñiguez, MD, Antonio Fernandez-Ortiz, MD, Juan Castillo, MD, 
Paloma Aragoncillo, MD, Manuel Gil Aguado, MD, and Pedro Zarco, MD 


During 241 consecutive percutaneous mitral val- 


votomy (PMV) procedures performed with the In- 
oue balloon, 16 patients (6.6%) developed severe 
mitral regurgitation (MR). Baseline clinical, echo- 
cardiographic (Doppler mitral valve area and Wil- 
kins' score) and hemodynamic data were not dif- 
ferent from those of patients without this compli- 
cation. Severe MR occurred during the first 
inflation in 7 patients and after several stepwise 
inflations in 9. Although maximal balloon size was 
similar in both groups, unusual indentations and 
subvalvular inflations were more frequently ob- 
served in patients who developed severe MR. Ear- 
ly mitral valve replacement was required in 6 pa- 
tients. All of them had a leaflet rupture either 
along the midportion (2 patients), along a commis- 
sure (4 patients), or both. Commissural calcium 
was present in 5 valves and 5 also had severe sub- 
valvular involvement that had been underestimat- 
ed by echocardiography. Of the 10 nonsurgically 
treated patients, 4 had chordal rupture by echo- 
cardiographic criteria, whereas in the remaining 6 
the precise mechanism of MR could not be deter- 
mined. During follow-up (11.4 + 4 months, range 
1 to 30), 1 patient required surgery for symptoms 
and the remaining 9 were symptomatically im- 
proved and free of left ventricular dilatation. In 
conclusion, severe MR complicated 6.696 of PMV 
procedures with the Inoue balloon, and its mecha- 
nism was leaflet or chordal rupture. Although one 
third of the patients required early mitral surgery, 
most of the remaining obtained midterm sympto- 
matic benefit. 

(Am J Cardiol 1992;70:1169-1174) 
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tablished procedure for the treatment of patients 

with symptomatic mitral stenosis.'~!* The proce- 
dure produces a significant increase in mitral area!-?! 
and provides clinical improvement in most patients, 
but the development of severe mitral regurgitation 
(MR)? even if infrequent, is still a major limi- 
tation of the technique. Although some investigators 
have identified several anatomic®’ and procedural fac- 
tors’:!0,15,19.22 as predictors of MR after PMV, others 
failed to find any correlation between mitral anatomy 
and the development of this complication.?!?2? Clinical 
tolerance to acutely produced severe MR is variable, 
and while some patients require emergency surgery, 
others do not need it,95-!9 and even a few may have a 
decrease in the severity of MR over time.?!?? The pur- 
pose of this study was (1) to determine the incidence of 
severe MR after Inoue balloon PMV, (2) to identify 
factors potentially related to the development of this 
complication, (3) to analyze its mechanisms, and (4) to 
describe the outcome of patients with well-tolerated se- 
vere MR. 


P ercutaneous mitral valvotomy (PMV) is a well-es- 


METHODS 

Patient population: From February 1989 to Novem- 
ber 1991, 246 consecutive symptomatic patients (New 
York Heart Association functional class >II) with 
moderate to severe mitral stenosis underwent PMV with 
the Inoue balloon at our institution, after a previous ex- 
perience with the double-balloon technique (42 cases 
not included in this study). In 5 procedures, dilatation 
was not performed, either because of a complication 
(cardiac tamponade in 1 patient) or a technical failure 
(unable to cross the valve in 4 patients early in the se- 
ries). From the 241 patients who actually underwent 
PMV with the Inoue balloon, MR increased by 1 grade 
in 75 (31%), by 22 grades in 32 (13.8%), and was con- 
sidered severe (by left ventriculography) in 16 (6.6%, 
group with severe MR). These patients, who were even- 
ly distributed over the study period, were compared 
with the remaining 225 patients (group without severe 
MR). 

Percutaneous mitral valvotomy procedure: After 
standard left- and right-sided cardiac catheterization, 
PMV was performed through the right femoral vein us- 
ing the anterograde transseptal approach. The maximal 
diameter of the Inoue balloon was selected taking into 
account body surface area (26 mm for «1.5 m?, 28 mm 
for 1.5 to 1.7 m?, and 30 mm for >1.7 m?). After pa- 
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TABLE I Clinical, Echocardiographic and Procedural Data of Patients Who Developed Severe Mitral Regurgitation 


Age (yr) 


Pt. &Sex NYHA AF/SR MVA MR Mob. Thick. 
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AF = atrial fibrillation; CmCa = commissural calcium; EBDA/BSA = Effective balloon dilating area (cm?)/body surface area (m?) ratio; LCa = leaflet calcium; NYHA = New York 
Heart Association functional class; Mob. = mobility; MR = mitral regurgitation; MVA = Doppler mitral valve area (cm?); NA = non available; SR = sinus rhythm; Subv. = subvalvular 


thickening; Thick. — leaflet thickening; Total — Wilkins score. 





tient 160, we performed stepwise inflations (increments 
1 to 2 mm), starting 2 to 4 mm below maximal diame- 
ter, and 4 to 6 mm below it if the valve anatomy was 
considered poor (high echocardiographic score or com- 
missural calcium, or both) until transmitral gradient 
virtually disappeared, maximal diameter was achieved 
or there was evidence of significant MR (by ausculta- 
tion, Doppler recordings or left ventriculography). Left 
ventriculography in the 30? right anterior oblique pro- 
jection was performed in all patients before and after 
PMV. MR was graded 1+ to 4+ according to Sellers 
criteria, and considered severe if 4+. 
studies: Two-dimensional and 
Doppler (including color flow) transthoracic echocar- 
diographic studies were performed before and 24 to 72 
hours after the procedure. Anatomic features of the mi- 
tral valve and its suitability for PMV were assessed us- 
ing Wilkins criteria.?^ Although only pliable valves were 
considered optimal for PMV, many patients with less 
appropriate valves also underwent PMV. Mitral area 
was calculated by the Doppler pressure halftime meth- 
od, and by direct cross-sectional planimetry when Dopp- 
ler tracings were not suitable for pressure halftime cal- 
culation. Left ventricular and left atrial dimensions 
were measured on M-mode recordings obtained from 
conventional 2-dimensional views. MR was assessed by 
color flow imaging and graded as mild if the regurgita- 
tion jet/left atrial area ratio was <20%, moderate if 20 
to 39% and severe if 24096. All patients with severe 
MR also had a post-PMV transesophageal echocardio- 
graphic study to better analyze the direction and exten- 
sion of the jet(s), the pattern of pulmonary venous flow 
and the eventual presence of a mitral flail or chordal 
rupture. On transesophageal studies, MR was consid- 
ered mild if mitral jet area was «4 cm?, moderate if 4 
to 7 cm?, and severe if >7 cm? 7° and pulmonary venous 
flow was inverted. 
Midterm outcome: Patients with clinical signs of 
pulmonary congestion underwent mitral valve replace- 
ment. Mitral valve leaflets and subvalvular apparatus 


were carefully examined by the surgeon before valvular 
resection. Pictures from the atrial and ventricular sides 
of the excised valves were taken in all patients to illus- 
trate anatomic findings. Later, all anatomic specimens 
were examined by a pathologist (P.A.). 

Nonsurgically treated patients with severe but well- 
tolerated MR began therapy with a vasodilator drug 
(usually captopril) and were followed up every 3 months 
for the first year and at least twice yearly later on. At 
each follow-up visit, functional class and left ventricular 
dimensions and contractility were carefully assessed. 
Patients in poor functional condition or with significant 
left ventricular dilatation were recommended to have 
elective mitral valve replacement. 

Statistical analysis: Baseline, procedural, echocar- 
diographic and follow-up data were collected and pro- 
spectively introduced in a computer database (Valvu- 
losystem™, Seattle Software, Seattle and Cormedica, 
Barcelona). Continuous variables are presented as mean 
+ standard deviation and compared by the nonpaired 
Student's t test. Categorical variables are expressed as 
percentages and analyzed by the chi-square test. Differ- 
ences were considered statistically significant if the p 
value was «0.05. 


RESULTS 

Baseline characteristics: The clinical and echocar- 
diographic data of all patients are listed in Table I. 
They represented the typical profile of patients undergo- 
ing PMV at our institution. There were no statistically 
significant differences in the clinical, anatomic or proce- 
durally related variables in the group of patients with or 
without severe MR (Table II). However, mitral valves 
of patients who subsequently developed severe MR were 
slightly thinner, subvalvular thickening was more exten- 
sive, and they more frequently had commissural calci- 
um, but the difference was small and nonstatistically 
significant. 

Procedural data: There were no differences in the 
number of inflations (2.1 + 1.2 vs 2.3 + 1.6) or in the 
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effective balloon-dilating area/body surface area ratio 
(3.9 + 0.4 vs 4.0 + 0.5) between patients with or with- 
out severe MR. All but 1 of the 16 patients who devel- 
oped severe MR had their first inflation performed at a 
ratio of <4.0, and only after several stepwise inflations 
did the ratio increase to >4.0 in 6 patients. A ratio of 
>4.4 was achieved only in 1 patient when transmitral 
gradient persisted after 3 previous inflations. At least 1 
uncomplicated inflation, at a diameter 1 to 2 mm small- 
er than that resulting in severe MR, had been per- 
formed in 9 (56%) patients. Unusual balloon indenta- 
tions, subvalvular inflations (Figure 1), or both, were 
observed in 7 of 16 patients (43%) with and in only 22 
of 225 (10%) without severe MR (p <0.05). 
Anatomic findings: Mitral valve replacement was re- 
quired within 24 hours in 2 patients with pulmonary 
edema (Figure 2) and within a few days in 4 patients 
with mild to moderate pulmonary congestion. All 6 pa- 
tients had rupture of a leaflet, a marked asymmetrically 


alu 





FIGURE 1. Valvotomy 
that the balloon is being inflated at a subvalvular level and 
that there are 2 clearly abnormal indentations (small arrows) 
different from the waist of the Inoue balloon (large arrows). 





FIGURE 2. Simultaneous left atrial (LA) and left ventricular 
(LV) pressure recordings. Left, scale 0 to 40 mm Hg, tracings 
before the procedure with a mean transmitral gradient of 22 
mm Hg. Right, scale O to 100 mm Hg, tracings after valvot- 
omy. Giant (up to 70 mm Hg) systolic v waves are evident on 





thickened commissure (with calcium in 5) (Figure 3) 
and relatively thin leaflet areas. Rupture occurred along 
these thin areas: in the midanterior leaflet in 1 patient 
(Figure 4); in the midscallop of the posterior leaflet in 
another; and in the remaining 4 patients the opened, 
noncalcified commissure tore toward the mitral annulus 
(Figure 5) and partially disrupted it (2 patients). In ad- 
dition to leaflet rupture, 1 patient had rupture of a pap- 
illary muscle tip. Subvalvular structures were severely 
thickened and foreshortened in 5 of 6 patients, a fact 
that had been previously underestimated by echocardi- 
ography. By contrast, commissural calcium had been 
appropriately identified by echocardiography in all pa- 
tients. Except for patient 2 who died from a postopera- 
tive cerebral emboli, the remaining 5 patients had an 
uneventful postoperative course. 

Clinical and echocardiographic follow-up: Before 
discharge, the 10 nonsurgically treated patients under- 
went a complete transthoracic and transesophageal 


TABLE Il Baseline Characteristics of Both Groups 
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Differences between groups are all statistically nonsignificant. 


LA = left atrial; MR = mitral regurgitation; NYHA = New York Heart Association; 
PA = pulmonary artery. 
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FIGURE 3. X-ray film of an excised mitral valve with scat- 
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echocardiographic study. All fulfilled criteria for severe 
MR by both techniques. Mitral area by Doppler ranged 
from 1.2 to 2.4 cm? (mean 1.75 + 0.4). At least a par- 
tial cleavage of 1 commissure was observed in all pa- 
tients and of both commissures in 5. Chordal rupture 
with leaflet prolapse was identified in 4 patients but in 
the remaining 6 the precise mechanism of MR could 
not be determined. 

During follow-up, 1 patient with a mitral area of 1.3 
cm? did not improve symptomatically and underwent 
surgery 3 months after PMV. The mitral valve had a 
tear in the anterior leaflet. The remaining 9 patients 
have been followed for 1 to 21 months (mean 11.4 + 4) 
and all of them remain clinically improved and free of 
any significant left ventricular enlargement on serial 
echocardiographic studies (mean left ventricular end- 
diastolic diameter at last follow-up, 49 + 4 mm). At 
last follow-up, mitral area was 1.6 + 0.3 cm". 









FIGURE 4. Rupture of the midportion of the anterior leaflet 
(small white arrows). Note that the anterior leaflet has rela- 
tively thick (black arrows) and thin (open white arrows) 
areas. The subvalvular apparatus is severely thickened and 
the chordae tendineae are foreshortened (solid white arrow). 
Both commissures are fused. Upper panel, view from the atri- 
al side; lower panel, view from the ventricular side. 
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DISCUSSION 

During PMV, the appearance of a new or the in- 
crease of a previously mild MR is frequent (30 to 50%), 
but fortunately the development of clinically relevant 
MR is much more rare (4 to 12%) (Table III). Al- 
though other mechanisms may be involved in milder 
forms of MR,” the anatomic substrate of severe MR 
after PMV is usually leaflet rupture??? and less fre- 
quently, damage to the subvalvular apparatus. In our 
study, as in other previous reports, no clinical condi- 
tions, such as the age, the severity of the stenosis or the 
presence of preprocedural mild MR, have been found to 
influence the rate of procedure-related severe MR. 

Although it is generally accepted that PMV of non- 
pliable, fibrocalcified valves usually results in smaller 
mitral areas®’:!!2,!>,16 than those obtained in valves 
considered more appropriate for the procedure, the in- 
fluence of mitral anatomy in the production of MR is 
still controversial. Some investigators have found that 
high-score valves are at a higher risk’? for significant 
increase in MR, but others have not?^!9?2239 confirmed 
these findings and/or have reported the occurrence of 
severe MR only in patients with relatively preserved mi- 


FIGURE 5. Severely calcified mitral valve. The anterolateral 
commissure is calcified and fused. The posteromedial commis- 
sure ruptured toward the mitral annulus (arrows). Upper pan- 
el, view from the atrial side; lower panel, view from the ven- 
tricular side. 
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tral valves.!?2539 In our series, mitral anatomy assessed 
by the Wilkins’ score, either considered as a whole or 
analyzing each of its components separately, failed to 
identify patients who subsequently developed severe 
MR 


Nevertheless, surgically excised mitral valves of pa- 
tients with severe MR consistently evidenced 3 anatom- 
ic features: (1) uneven mitral leaflets, with thick areas 
coexisting with more normal or even thin areas; (2) se- 
vere and extensive fusion, thickening and foreshortening 
of subvalvular structures??; and (3) calcium in 1 of both 
commissures.?!?? All of these anatomic characteristics, 
alone or together, may have contributed to an undesir- 
able transmission of balloon pressure forces with the re- 
sult of valve disrupture instead of the expected commis- 
sural cleavage. In the case of severely thickened and 
foreshortened subvalvular structures, an excessive ten- 
sion might have been transmitted at the insertion site of 
the chordae in the leaflet, which produced a leaflet tear 
extending from the insertion point to the mitral annu- 
lus.? Since echocardiographic underestimation of the 
severity of subvalvular involvement was the rule in these 
patients!?!? and significant discrepancy in the involve- 
ment of the anterior and posterior subvalvular struc- 
tures was also frequent, the identification of this sub- 
group of patients potentially at high risk for severe MR 
does not seem feasible based on current echocardio- 
graphic criteria. Commissural calcium was the other 
hallmark of patients who required surgery. In these 
cases, the calcified commissure could not be opened up 
during balloon inflation and the valve ruptured along 
any of the leaflets?^?5 (Figure 4) or the noncalcified 
commissure?? (Figure 5). Although commissural calci- 
um was not seen more often in patients who subsequent- 
ly developed MR, this anatomic finding was almost al- 
ways present in patients who required surgery (probably 
those with more severe MR). Because commissural cal- 
cium was accurately recognized on the echocardio- 
graphic study before valvotomy, the use of small bal- 
loons should be planned in these patients, and once the 
noncalcified commissure has been opened, no further 
attempts should be made in order to optimize mitral 
valvular area. 

Procedural factors such as the type,?? number!’ and 
size?? of the balloon?! have been found to influence the 
results of PMV and the incidence of postprocedural 
MR. With regard to the polyethylene balloon(s), the 
use of the double- versus the single-balloon technique? 
or the use of larger versus smaller balloons?? resulted in 
larger mitral areas but also in a higher incidence of 
MR. We did not find such a correlation in the range of 
balloon sizes used in our study, which were slightly 
smaller than those used by Roth et al?? in patients with 
MR. Although performing stepwise inflations seems 
reasonable and has been recommended, !?? we did not 
find a lower incidence of severe MR since this strategy 
was adopted, and as a matter of fact, it did not prevent 
this complication in the 9 patients who had had a previ- 
ous undersized inflation without even a mild increase in 
MR. 

The increase in MR after PMV using polyethyl- 
ene?6589.12,722 or Inoue20933 balloons has been addressed 





TABLE Ili More Recent Large Series on Post Percutaneous 
Valvotomy Mitral Regurgitation 


Mitral Regurgitation 


Incidence 


Author Definition (96) 


1992 
1992 
1991 
1991 
1991 
1991 
1991 
1991 
1990 
1990 


2»1Ginc. 
22Ginc. 
22Ginc. 
23Ginc. 
>3 G ince. 
>3+ 
23- 
23-4 
23-4 
23-4 


NHLBI 
Feldman 
Tuzcu 
Vahanian 
Vahanian 
Bassand 
Bassand 
Hung 
Inoue 
Nobuyhosi 


G inc. = grade increment in mitral regurgitation; NHLBI = National Heart, Lung, and 
Blood Institute; PE-DB = polyethylene balloon using the double-balloon technique. 


in several publications (Table VI), including a recent 
study by Feldman et al.!? He reported an increase of 
272 grades in 11% of 162 patients undergoing PMV 
with the Inoue balloon. Although the mechanism of mi- 
tral valve area increase with the double-balloon or the 
Inoue technique may be similar (commissural split- 
ting),'5?^32 the risk and mechanisms of valvular rupture 
may be quite different!? owing to the very unique self- 
positioning capability of the Inoue balloon. In our expe- 
rience, in severely deformed mitral valves and using the 
double-balloon technique, fixation of the balloons at the 
valvular level may be very difficult or even impossible, 
with the result of a technically unsuccessful but uncom- 
plicated procedure. By contrast, the Inoue balloon al- 
ways becomes stabilized and full inflation is technically 
feasibly regardless of mitral anatomy,!? frequently pro- 
ducing rare indentations, particularly in patients with 
severe involvement of subvalvular apparatus. 

Appropriate positioning of the balloon across the mi- 
tral valve cannot be overemphasized, but this task may 
not be easy in patients with severe and extensive sub- 
valvular apparatus involvement, in whom subvalvular 
inflations are more likely to be performed. Whether 
MR could have been prevented if subvalvular inflations 
would have been avoided remains largely speculative. 
Special attention should be taken with this potential 
source of complications, and immediate balloon deinfla- 
tion should always follow every inflation not properly 
located at the mitral plane. In this regard, a slow infla- 
tion (gradual inflation over 3 to 4 seconds) may be help- 
ful in establishing the appropriate positioning of the In- 
oue balloon across the mitral valve. 

Although increasing operator/institution experience 
may result in a lower incidence of significant MR,’ we 
did not find such a trend because the incidence of severe 
MR in our series almost remained constant along the 
study period. This fact may in part be explained by our 
previous experience with the double-balloon technique 
which made our learning curve with the Inoue balloon 
rather steep and with an early plateau. 

As in other series,9.7.10.113033 only about one third of 
patients with severe MR, all of them with large v waves 
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or an increase in mean left atrial pressure, or both, had 
a poor hemodynamic tolerance and required early mi- 
tral surgery. The remaining two thirds of the patients, 
despite severe MR, had a decrease in left atrial and pul- 
monary pressures, and obtained midterm clinical bene- 
fit. Although MR frequently decreases over time in pa- 
tients with mild to moderate MR,”* most patients with 
severe MR will stay that way and will require vasodila- 
tor therapy and frequent clinical and echocardiographic 
examinations in order to early detect subtle signs of 
clinical deterioration or left ventricular dysfunction, or 
both. The number of patients who finally will require 
mitral valve surgery in the future and the appropriate 
timing for it has not yet been settled. 
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Effects of Dobutamine on Gorlin and Continuity 
Equation Valve Areas and Valve Resistance in 
Valvular Aortic Stenosis 


Paul N. Casale, MD, Igor F. Palacios, MD, Vivian M. Abascal, MD, Lari Harrell, BS, 
Ravin Davidoff, MBBCh, Arthur E. Weyman, MD, and Michael A. Fifer, MD 


Previous studies demonstrated changes in aortic 
valve area calculated by the Gorlin equation under 
conditions of varying transvalvular flow in pa- 
tients with valvular aortic stenosis (AS). To distin- 
guish between flow-dependence of the Gorlin for- 
mula and changes in actual orifice area, the Gorlin 
valve area and 2 other measures of severity of AS, 
continuity equation valve area and valve resis- 
tance, were calculated under 2 flow conditions in 
12 patients with AS. Transvalvular flow rate was 
varied by administration of dobutamine. During 
dobutamine infusion, right atrial and left ventricu- 
lar end-diastolic pressures decreased, left ventric- 
ular peak systolic pressure and stroke volume in- 
creased, and systolic arterial pressure did not 
change. Heart rate increased by 19%, cardiac out- 
put by 3896 and mean aortic valve gradient by 
2596. The Gorlin valve area increased in all 12 pa- 
tients by 0.03 to 0.30 cm?. The average Gorlin 
valve area increased from 0.67 + 0.05 to 0.79 + 
0.06 cm? (p «0.001). In contrast, the continuity 
equation valve area (calculated in a subset of 6 pa- 
tients) and valve resistance did not change with 
dobutamine. The data support the conclusion that 
flow-dependence of the Gorlin aortic valve area, 
rather than an increase in actual orifice area, is 
responsible for the finding that greater valve 
areas are calculated at greater transvalvular flow 
rates. Valve resistance is a less flow-dependent 
means of assessing severity of AS. 

(Am J Cardiol 1992;70:1175-1179) 
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by the Gorlin formula! was recently rekindled by 

the emergence of ultrasound techniques for calculat- 
ing valve area,?-? and percutaneous balloon valvuloplas- 
ty for altering valve area.95 Despite the routine use of 
the Gorlin equation, the flow-independence of the Gor- 
lin aortic valve area is unclear.-!^ The dependence of 
calculated valve area on transvalvular flow rates ap- 
pears to be particularly important at the low flow rates 
observed in patients with modest aortic valve gradients 
and low calculated valve areas, and may result in under- 
estimation of valve area in this circumstance.!':!? These 
considerations have led to the proposal that aortic valve 
resistance (the ratio between transvalvular gradient and 
flow rate) may be a preferable measure of the severity 
of aortic stenosis (AS).!? The alternative explanation 
for the dependence of the Gorlin aortic valve area on 
flow rates is that stiff but only moderately stenotic 
valves may not be fully opened at low cardiac output 
and that augmentation of transvalvular flow increases 
actual aortic valve area.! ^? To determine whether aug- 
mentation of flow rate alters aortic valve area calculat- 
ed by the Gorlin formula, we administered dobutamine 
to 12 patients with AS. To ascertain whether changes in 
the Gorlin valve area reflect flow-dependence of the for- 
mula or actual changes in valve area, we also assessed 
the severity of AS from the continuity equation valve 
area and valve resistance. 


[vs in the accuracy of aortic valve area calculated 


METHODS 

Study patients: The study cohort comprised 12 pa- 
tients (7 women and 5 men, mean age 81 + 2 years) 
with AS. All patients had sinus rhythm, mean aortic 
valve gradient (in some cases after percutaneous balloon 
aortic valvuloplasty) «45 mm Hg and aortic valve area 
(calculated by the Gorlin equation)! <1 cm’. Patients 
with clinically significant aortic regurgitation or coro- 
nary arterial narrowing >50% in diameter were exclud- 
ed from the study. Ten of the 12 patients (patients 3 to 
12) were studied immediately after balloon aortic valvu- 
loplasty when moderately severe residual AS was pres- 
ent. Written, informed consent was obtained from all 
patients. 

Study protocol: Cardiac catheterization was per- 
formed with mild sedation (diazepam and diphenhydra- 
mine) and local anesthesia (lidocaine). Right heart 
catheterization was performed with a balloon-tipped 
thermodilution catheter. Left heart catheterization was 
performed with a fluid-filled catheter through the right 
femoral artery in 11 patients and by the transseptal 
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technique in 1 (patient 5). Systemic arterial pressure 
was obtained from an 18-gauge cannula positioned in 
the radial artery. Percutaneous aortic valvuloplasty was 
performed in 10 patients, as previously described.’ The 
study protocol was then initiated. 

Baseline heart rate and right atrial, pulmonary arte- 
rial wedge, left ventricular and systemic arterial pres- 
sures were measured. After obtaining baseline data, 
graded infusion of dobutamine was begun at 2.5 ug/kg/ 
minute and titrated upward until cardiac output in- 
creased by 50% or until the dosage was limited by ven- 
tricular ectopic activity (patients 2 and 5), marked sys- 
tolic arterial hypertension (patients 4 and 8) or patient 
discomfort related to the duration of the catheterization 
procedure (patients 10 to 12). Repeat hemodynamic 
measurements were obtained during steady-state dobu- 
tamine infusion. 

The Gorlin equation aortic valve area during the 
baseline period and dobutamine infusion was calculated 
by each of the following 2 techniques: 

1. The conventional method,!® in which an attempt 
is made to account for the delay in the peripheral arteri- 
al tracing by aligning the arterial pressure and left ven- 
tricular pressure tracings so that their upstrokes coin- 
cide; for patient 5, simultaneous left ventricular and 
aortic pressures were obtained, so that realignment was 
not necessary. Mean aortic gradient was determined by 
planimetry of 5 consecutive beats on a digitizing tablet 
(Summagraphics Bitpad) interfaced to a VAX 780 
computer. Cardiac output was measured simultaneously 
with measurement of the aortic valve gradient by the 
thermodilution technique by averaging the values of 3 
measurements. Aortic valve area was then calculated 
by the Gorlin formula as follows!: Ag = F/(k4/AP ), 
where Ag is valve area (cm?), AP is mean transvalvular 
pressure gradient (mm Hg), and k is 44.3. F (mean 
transvalvular flow rate in systole in cm?/s) is: F = CO/ 
(HR - SEP) (equation 1), where CO is cardiac output 
(ml/min), HR is heart rate (beats/min), and SEP is 
systolic ejection period (seconds/beat). 

2. The technique of Folland et al," who demon- 
strated that the mean aortic valve gradient measured 
after realignment of left ventricular and femoral arterial 
tracings is an underestimate of the true gradient. There- 
fore, Ac is an overestimation of valve area. Inversely, 
the mean gradient measured before realignment of pres- 
sures is an overestimate of the true gradient. The resul- 
tant valve area (Aunaigned) is an underestimate of valve 
area. Because Folland found that the best estimate of 
true aortic valve gradient was obtained by using the av- 
erage of the aligned and unaligned pressure gradients, 
we calculated the modified valve area (Ay) as the aver- 
age of the areas obtained by the 2 methods as follows: 
AM = 5 (Ag + Aunatignea). Because femoral artery pres- 
sure was not measured in this study, we substituted ra- 
dial artery pressure. For patient 5, the valve area from 
the simultaneous left ventricular and aortic pressure 
tracings was used for this calculation as well. 

Cannon et al! observed that the Gorlin formula 
"constant" k is highly correlated with the square root of 
the mean transvalvular pressure gradient. As a conse- 


quence, flow is related not to the square root of the 
mean pressure gradient, but to the mean pressure gradi- 
ent itself. This formulation is directly related to the con- 
cept that the ratio of mean pressure gradient to mean 
transvalvular flow rate during systole is an appropriate 
expression of the severity of stenosis!?: R = 1,333AP/F, 
where R, the ratio between pressure gradient (AP) and 
systolic transvalvular flow rate (F) (equation 1), is resis- 
tance (dynes s/cm?), and the constant 1,333 converts 
mm Hg into dynes/cm"?. 

Two-dimensional and Doppler echocardiography: 
Two-dimensional echocardiography was performed si- 
multaneously with hemodynamic measurements in the 
cardiac catheterization laboratory in 6 of 12 patients, 
using a Hewlett-Packard 77020A cardiac ultrasound 
imaging machine with a 2.5 MHz phase-array duplex 
transducer, and recorded on videotape using a Pana- 
sonic AG-6300 recorder. Continuous-wave Doppler 
studies were performed using a nonimaging transducer 
with flow velocity recorded from both suprasternal and 
apical views. 

Systolic left ventricular outflow tract diameter was 
measured in the parasternal long-axis view immediately 
below the aortic valve using a Sony Medical 051 Car- 
diologic Analysis system. Three measurements were ob- 
tained and averaged. The cross-sectional area of the left 
ventricular outflow tract (Aj vor) was calculated from 
its diameter (assuming it to be circular). Flow velocity 
in the left ventricular outflow tract below the aortic 
valve (Vi vor) was obtained by the pulsed Doppler tech- 
nique. Vi vor was measured from the apical window by 
advancing the sampling volume to the point at which 
convective acceleration proximal to the stenosis was re- 
corded and then withdrawing slightly. The highest max- 
imal poststenotic jet velocity (Vmax) recorded by continu- 
ous-wave Doppler from either the apical or suprasternal 
view was taken as the reference value. Velocities from 5 
consecutive beats were averaged in each case. Continui- 
ty equation aortic valve area (Ac) was calculated as fol- 
lows?^*: Ac = Ar vor * VLvor /Vmax: 

Statistics: Data are presented as mean + SEM. 
Means were compared using paired and unpaired t 
tests. Differences were considered significant at p 
«0.05. 


RESULTS 

effects of dobutamine: The hemody- 
namic effects of dobutamine infusion (mean dosage 439 
+ 49 ug/min) are listed in Table I. Right atrial and left 
ventricular end-diastolic pressures decreased with dobu- 
tamine, left ventricular peak systolic pressure increased, 
and peak systolic arterial pressure did not change; heart 
rate and stroke volume increased. 

Gorlin equation valve area: For each of the 12 pa- 
tients, heart rate, cardiac output and mean aortic valve 
gradient increased. The systolic ejection period de- 
creased in all but 1 patient (no. 3) in whom it increased 
slightly. The Gorlin equation aortic valve area increased 
in all patients by 0.03 to 0.30 cm?. For the 6 patients 
who underwent echocardiography, the Gorlin equation 
valve area increased with dobutamine from 0.65 + 0.08 
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to 0.74 + 0.09 cm? (p <0.01). The Gorlin equation 
valve area increased by 0.17 + 0.05 cm? in patients 
whose cardiac output increased by 250%, and by 0.09 
+ 0.02 cm? in those whose cardiac output increased by 
<50% (p = not significant for between-group compari- 
son); it increased by 0.17 + 0.03 cm? in patients with 
left ventricular ejection fraction <0.28, and by 0.10 + 
0.03 cm? in those with ejection fraction =0.41 (p = not 
significant). The Gorlin valve area modified by the 
technique of Folland et al!’ increased with dobutamine 
in all patients (0.64 + 0.05 to 0.77 + 0.06 cm’; p 
<0.001). For the 6 patients who underwent echocardi- 
ography, the modified Gorlin valve area increased with 
dobutamine from 0.62 + 0.08 to 0.72 + 0.07 cm? (p 
<0.004). 

equation valve area: The outflow tract 
and jet velocities increased with dobutamine in all 6 pa- 
tients who underwent echocardiography. The continuity 
equation valve area did not change. 

Valve resistance: During dobutamine infusion, 
mean aortic valve resistance decreased in 8 patients and 
increased in 4. For the entire group of patients, the 
mean value did not change significantly. 


DISCUSSION 

The Gorlin equation: At the time that Gorlin and 
Gorlin! introduced their *formula for the calculation of 
the area of the stenotic mitral valve, other cardiac 
valves, and central circulatory shunts," left-sided heart 
catheterization was not performed at their institution, so 
that the formula could not be directly validated for use 
in either mitral stenosis or AS. For calculation of mitral 
valve area, a mean left ventricular diastolic pressure of 
5 mm Hg was assumed. They did not attempt to apply 
their formula to the assessment of AS, and included a 
section on the aortic valve only “for completeness.” 
However, the Gorlin formula has become the standard 
for assessment of the severity of AS.!6 

Three previously published studies assessed aortic 
valve area calculated by the Gorlin formula in patients 
with AS in conditions of altered transvalvular flow with 
varying results. In 1971, Bache et al? reported an in- 
crease in calculated aortic valve area during supine leg 
exercise in 17 of 20 patients with AS. For the entire 
group of 20 patients, heart rate increased by 42%, cardi- 
ac output by 57% and mean gradient by 25%. Average 
aortic valve area increased by 16% (0.76 to 0.88 cm?). 
These investigators considered both flow-dependence of 
the Gorlin valve area and an actual change in orifice 
area as alternative explanations for their observations. 
Endrys et al!8 administered dobutamine, isoprenaline or 
dopamine to 16 patients (aged 5 to 45 years) with val- 
vular AS. Heart rate increased by 27%, cardiac output 
by 38% and mean gradient by 82%. Aortic valve area 
was unchanged. Recently, Paulus et al!? administered 
nitroprusside to patients with AS, both before and 2 
days after percutaneous balloon aortic valvuloplasty. 
Heart rates were not reported. Cardiac output increased 
(by 10%) with nitropusside only at the late study, and 
mean gradient was unaltered both before and after val- 
vuloplasty. Valve area increased by 8% (0.49 to 0.53 
cm?) before and 1796 (0.71 to 0.83 cm?) after valvulo- 
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plasty. These investigators attributed the greater change 
in Gorlin valve area after valvuloplasty to a reduction in 
inertia of valve leaflets resulting from splitting of fused 
commissures and fracture of calcific nodules. 

In the present study, the administration of dobuta- 
mine was associated with an increase in the Gorlin 
equation valve area in 12 of 12 patients. Heart rate in- 
creased by 19%, cardiac output by 38% and mean gra- 
dient by 25%, values comparable to those observed dur- 
ing exercise by Bache et al? Average valve area in- 
creased by 18% in our patients (most of whom had 
undergone aortic valvuloplasty), an amount similar to 
that reported with exercise? and that observed with ni- 
troprusside after valvuloplasty. We assessed 2 other 
measure of severity of AS, the continuity equation valve 
area and valve resistance, to determine whether this 
change reflected flow-dependence of the Gorlin formula 
or augmentation of actual valve opening. 

Continuity equation: The continuity equation for the 
calculation of valve area has been used since 1985.2 
The 2 major advantages of this approach to the estima- 
tion of aortic valve area are that the required data can 
be obtained noninvasively and that assumptions regard- 
ing fluid dynamics implicit in the use of the “constant” 
in the Gorlin equation are not needed. We observed no 
difference between the continuity equation valve area at 
baseline conditions and during dobutamine infusion. 
This suggests that the increase in Gorlin valve area that 
we observed during dobutamine infusion may have re- 
sulted from flow-dependence of the Gorlin formula 
rather than from an actual increase in orifice area. 
However, because the continuity equation valve area 
was measured in only half of our study cohort, we also 
calculated aortic valve resistance as an alternative mea- 
sure of AS severity. 

Valve resistance: Cannon et al! demonstrated that 
the “constant” in the Gorlin equation was approximate- 
ly proportional to the square root of the transvalvular 
pressure gradient, using a pulsatile flow model. As a 
consequence, valve area is related more closely to trans- 
valvular flow divided by the pressure gradient than to 
flow divided by the square root of the pressure gradient. 
These investigators proposed a new valve area equation 
(with new constants) based on their findings. The obser- 
vation that flow and gradient (rather than flow and 
square root of the gradient) are directly related has also 
resulted in the reintroduction of the concept of valve 
resistance. Ford et al? calculated resistance as the ratio 
of transvalvular gradient and flow rate. Retrospective 
application of this calculation to the in vivo data of 
Bache et al? and the in vitro data of Cannon et al!? 
demonstrated much less variation in valve resistance 
than in calculated valve area in conditions of varying 
flow. In patients undergoing percutaneous balloon aor- 
tic valvuloplasty, Isaaz et al!? found that the decrease in 
left ventricular end-systolic wall stress was related to the 
decrease in valve resistance, but not to the increase in 
valve area. In the present study, there was no difference 
in aortic valve resistance between baseline conditions 
and dobutamine administration. This finding, together 
with our observation in a subset of patients that conti- 
nuity equation valve area was constant in conditions of 
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varying flow, is consistent with the conclusion that 
changes in Gorlin valve area reflect flow-dependence of 
the formula rather than actual alteration of orifice area. 

Study limitations: In 10 study patients, the protocol 
was performed after percutaneous aortic valvuloplasty. 
Paulus et al!? suggested that variability in actual orifice 
area is greater after than before valvuloplasty. We did 
not, however, observe changes in the continuity equation 
valve area or valve resistance with dobutamine in this 
study. However, it would be ideal to study a group of 
patients with moderately severe AS before mechanical 
intervention. Furthermore, although we excluded pa- 
tients with clinically evident aortic regurgitation, it is 
possible that undetected regurgitation (particularly af- 
ter valvuloplasty) may have caused transvalvular flow 
rates derived from thermodilution cardiac output to un- 
derestimate actual flow rates. Finally, aortic valve gra- 
dients were estimated in most cases from fluid-filled 
catheters in the left ventricle and radial artery. It would 
be preferable to obtain these measurements with micro- 
manometer pressure recordings from the left ventricle 
and ascending aorta. 


Acknowledgment: This study was inspired by obser- 
vations by Dr. Jorge Gaspar, MD, of transvalvular flow 
rates and gradients at the time of aortic valve surgery. 
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Prognostic Implications of Subclinical Left 
Ventricular Dilatation and Systolic Dysfunction in 





Men Free of Overt Cardiovascular Disease 


(the Framingham Heart Study) 


Michael S. Lauer, MD, Jane C. Evans, MPH, and Daniel Levy, MD 


To determine the prognostic significance of 
asymptomatic left ventricular (LV) dilatation and 
LV systolic dysfunction, 1,493 men who were free 
of symptomatic cardiovascular disease underwent 
M-mode echocardiography and were then followed 
for a mean of 4.15 years. At baseline examina- 
tion, 170 men (11.4%) had an abnormally high 
end-diastolic LV internal dimension (>56 mm) and 
76 (5.1%) had an abnormally low fractional short- 
ening (<30%). During the follow-up period, 68 
men experienced 92 cardiovascular disease 
events. After adjusting for age and traditional car- 
diovascular disease risk factors in proportional- 
hazards analyses, fractional shortening was a sig- 
nificant independent predictor of cardiovascular 
risk (relative risk [RR] = 1.42, 95% confidence in- 
terval [CI] 1.12 to 1.81, for decrease of fractional 
shortening by 4%). Increased risk was also associ- 
ated with combinations of low fractional shorten- 
ing and high end-diastolic internal dimension 

(RR = 3.77, 95% CI 1.59 to 8.93) and with low 
percent fractional shortening with LV hypertrophy 
(RR = 5.93, 95% CI 1.97 to 17.85). 

In conclusion, subclinical LV dilatation and LV 
systolic dysfunction, although uncommon in men 
free of overt cardiovascular disease, are associ- 
ated with increased risk for new cardiovascular 
disease events. 

(Am J Cardiol 1992;70:1180-1184) 
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ic dysfunction have been shown to be powerful inde- 

pendent predictors of adverse outcome in survivors 
of myocardial infarction!? and in patients with idio- 
pathic dilated cardiomyopathy.^ Consequently, the pre- 
vention of LV dilatation with afterload reduction? and 
the optimal salvage of LV systolic function with throm- 
bolysis?" in patients with myocardial infarction are both 
strategies considered promising for improving long-term 
outcome. Recently, increasing interest has focused on 
patients with asymptomatic LV dysfunction in the hope 
that early treatment might improve survival and de- 
crease the incidence of clinical congestive heart failure. 
Although there exist data on asymptomatic LV dys- 
function in survivors of myocardial infarction, there are 
little data on the prevalence of subclinical LV dilatation 
and LV systolic dysfunction in the general population. 
Accordingly, using echocardiography, we sought to de- 
fine the prevalence of asymptomatic LV dilatation and 
LV systolic dysfunction in male subjects of the Fra- 
mingham Heart Study who were free of overt cardio- 
vascular disease, and to determine whether these abnor- 
malities are associated with increased cardiovascular 
risk. 


[sss left ventricular (LV) volumes and LV systol- 


METHODS 

Study population: [n 1948, 5,209 residents of Fra- 
mingham, Massachusetts, who were between the ages 
of 28 and 62 years were enrolled in a prospective epide- 
miologic study. The selection criteria and study design 
have been described previously.5-!! In 1971, children of 
the original study population and the spouses of those 
children were enrolled in the Framingham Offspring 
Study.!! From 1979 to 1983 subjects of the original co- 
hort underwent their 16th biennial examination and 
subjects in the Offspring Study underwent their second 
examination. All subjects gave informed consent before 
each examination. 

Echocardiographic measurements in a healthy refer- 
ence population were used to define normal and abnor- 
mal population-based values for various echocardio- 
graphic parameters of LV size and function. These cri- 
teria were then applied to the broader population of 
eligible subjects (see next). The reference population 
consisted of 608 men who met the following criteria: (1) 
no overt evidence of cardiovascular disease, including 
coronary artery disease, valvular heart disease, conges- 
tive heart failure, cerebrovascular disease, or peripheral 
artery disease; (2) no use of antihypertensive or cardio- 
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vascular medications; (3) no diabetes mellitus; (4) sys- 
tolic blood pressure <140 mm Hg; (5) diastolic blood 
pressure <90 mm Hg; (6) body mass index (in kg/m?) 
>19 and <26, corresponding to Metropolitan Relative 
weights of >90% and <120%, respectively; (7) no pul- 
monary disease; and (8) adequate echocardiograms for 
the assessment of LV dimensions and wall thicknesses. 

To be eligible for the broader study population, sub- 
jects had to meet the following criteria: (1) no evidence 
of pulmonary or cardiovascular disease (including clini- 
cal congestive heart failure); (2) not currently receiving 
medical treatment for hypertension; and (3) adequate 
echocardiograms for the assessment of LV dimensions 
and wall thicknesses. Criteria for cardiovascular disease 
diagnoses have been reported previously.'? 

Baseline measurements: Examinations routinely in- 
cluded measurements of resting blood pressure, anthro- 
pometric measurements, 12-lead electrocardiography, 
determination of blood glucose levels, assessment of 
smoking status, measurement of total cholesterol and 
high-density lipoprotein levels, and echocardiography. 
Resting systolic and diastolic blood pressures were mea- 
sured in the left arm in the seated position using a mer- 
cury column sphygmomanometer. Two physician-mea- 
sured systolic and diastolic pressures were averaged to 
derive resting systolic and diastolic blood pressures. 
Subjects were considered smokers if they reported 
smoking any number of cigarettes per day regularly 
over the past year. Diabetes was diagnosed by previous- 
ly described criteria.!? Data on smoking status and lipid 
parameters for members of the original cohort were ob- 
tained from the 15th biennial examination. Alcohol con- 
sumption was measured using a validated formula de- 
scribed elsewhere.!4 

Outcome events: Subjects were followed through ex- 
amination 19 for the original cohort and examination 3 
for the Offspring Study subjects. At each examination, 
interim cardiovascular disease events were identified by 
medical history, physical examination, 12-lead electro- 
cardiography, and review of hospital records. Medical 
records were routinely obtained for subjects who did not 
appear for an examination and were evaluated for evi- 
dence of incident cardiovascular disease. All suspected 
cardiovascular disease events were reviewed by 3 physi- 
cians who evaluated all pertinent records. The cardio- 
vascular disease events included in this study were coro- 
nary artery disease, valvular heart disease, congestive 
heart failure, stroke or transient ischemic attack, inter- 
mittent claudication, and death due to cardiovascular 
disease. The echocardiograms were not used to deter- 
mine the presence or absence of cardiovascular disease. 
All deaths were evaluated similarly, and the probable 
cause was established by a committee of 3 physicians 
after a review of the hospital records, autopsy findings, 
death certificates, and interviews with family members. 

Echocardiographic methods: Participants were stud- 
ied in accordance with standard M-mode methods as 
previously reported.!5-1? Over 90% of the M-mode im- 
ages were obtained with 2-dimensional guidance. Sub- 
jects were not excluded on the basis of segmental wall 
motion abnormalities. End-diastolic measurements of 
LV internal dimension, and interventricular septal and 


posterior wall thicknesses were obtained using the crite- 
ria of the American Society for Echocardiography con- 
vention; end-systolic LV internal dimension was also 
similarly measured. LV mass was measured using Penn 
convention measurements in conjunction with the for- 
mula of Devereux and Reichek.!° Total LV wall thick- 
ness was calculated as the sum of the end-diastolic 
thicknesses of the interventricular septum and posterior 
wall. Percent fractional shortening was calculated as the 
ratio of the difference of end-diastolic and end-systolic 
LV internal dimensions to end-diastolic LV internal di- 
mension multiplied by 100. 

LV hypertrophy was defined as LV mass (divided by 
height) equal to or exceeding the 95th percentile of the 
above-described reference population. In a similar man- 
ner, values for excessive wall thickness, high end-dia- 
stolic LV internal dimension, and high end-systolic in- 
ternal dimension were established. A low fractional 
shortening was defined as a value equal to or less than 
the fifth percentile of the reference population. 

The mean reference values and standard deviations 
for the various echocardiographic parameters were: LV 
mass/height, 100.3 + 22.9 g/m; total LV wall thick- 
ness, 18.5 + 2.3 mm; end-diastolic LV internal dimen- 
sion, 50.5 + 3.8 mm; end-systolic LV internal dimen- 
sion, 32.5 + 3.4 mm; and fractional shortening, 35.7 + 
3.6%. Abnormal values were as follows: LV hypertro- 
phy, 2141 g/m; excessive LV wall thickness, 222 mm; 
high end-diastolic LV internal dimension, 256 mm; 
high end-systolic internal dimension, 238 mm; and low 
fractional shortening, <30%. 

Statistical methods: Unless otherwise stated, cate- 
gorical comparisons were made using chi-square analy- 
sis. 

The mean follow-up period for this study was 4.15 
years. The 4-year incidence of the outcome events was 
examined as a function of the presence or absence of 
certain echocardiographic abnormalities (such as the 
presence or absence of low fractional shortening) or 
combinations of echocardiographic abnormalities (such 
as both low fractional shortening and high end-diastolic 
LV internal dimension). Age-adjusted rates of cardio- 
vascular disease outcome events were calculated by the 
direct method. 

Multivariate analyses were performed for subjects 
for whom complete data on risk factors were available. 
The Cox proportional-hazards model’? was used to ex- 
amine the relations between echocardiographic parame- 
ters of LV size and function to the incidence of cardio- 
vascular disease events. The covariates in the multivari- 
ate Cox analyses were chosen because of their potential 
roles as risk factors for cardiovascular disease.?! They 
included age, diastolic pressure, pulse pressure, regular 
cigarette smoking during the past year (yes = 1; no = 
0), ratio of total to high-density lipoprotein cholesterol, 
diabetes (yes = 1; no = 0) and obesity (defined as the 
body mass index, or weight in kg divided by the height 
in meters squared [kg/m?]). 

Age-adjusted and risk factor-adjusted relative-risk 
values (and 9596 confidence intervals [CI]) for outcome 
events were calculated for 1 standard deviation incre- 
ments of echocardiographic LV parameters and for the 
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TABLE 1 Population Studied and Incidence of Outcome Events 


No. of 


Characteristics Subjects 


Seen at index examination 

Free of cardiovascular disease and adequate 
echocardiogram 

Subjects with incident cardiovascular disease 

Subjects with incident congestive 


2,805 
1,493 


68 (4.6%) 
5 (0.3%) 
heart failure 
Subjects with incident cardiovascular mortality 
Subjects with incident mortality 
(includes all causes of death) 


TABLE II Characteristics of Study Subjects 


8 (0.5%) 
45 (3.076) 


Mean age (years) 46.0 + 12.1 
Mean diastolic blood pressure (mm Hg) 80.0 + 9.0 
Mean pulse pressure (mm Hg) 45.6 + 6.5 
Cigarette smokers (%) 40.0 
Cholesterol: HDL ratio 5.0 + 1.6 
Diabetes mellitus (%) 1.8 
Alcoho! consumption (ml/week) 142.4 + 172.5 
Body mass index (kg/m?) 26.3 + 3.5 
LV mass/height (g/m) 110.0 + 26.6 
Total wall thickness (mm) 19.3 x 2.5 
End-diastolic LV internal 51.0 + 3.9 
dimension (mm) 
End-systolic LV internal 32.8 + 3.6 
dimension (mm) 
Fractional shortening (%) 35.9 1 3.7 


Values given are mean + standard deviation. 


HDL = high-density lipoprotein; LV = left ventricular. 





presence or absence of certain echocardiographic abnor- 
malities or combinations of echocardiographic abnor- 
malities. 

A detailed analysis of alcohol consumption and LV 
mass and geometry in the Framingham cohorts has 
been reported elsewhere.!^ A similar analysis was per- 
formed in the subset for this study using multivariate 
linear regression analysis relating alcohol consumption 
to LV mass, wall thickness, systolic and diastolic inter- 
nal dimension, and fractional shortening. 


RESULTS 

Characteristics of study population: The character- 
istics of the main study population are summarized in 
Tables I and II. In all, 1,493 men met the criteria for 
study entry. Over 4 to 6 years of follow-up there were 
92 cardiovascular disease events in 68 men (4.6%) (50 
cohort and 18 offspring subjects). Only 5 men (0.3%) 
developed overt clinical congestive heart failure and 
only 8 (0.5%) died of cardiovascular causes. Because of 
the small number of outcome events in this relatively 
healthy population, only total cardiovascular disease 
events were studied in detail. 

The clinical and echocardiographic characteristics of 
the study subjects are summarized in Table II. 

Prevalence of echocardiographic abnormalities: 
The prevalences of echocardiographic LV abnormalities 
in the main study population are summarized in Table 
III. Criteria for LV hypertrophy were fulfilled in 170 
subjects (11.4%) (18.0% of cohort vs 10.1% of offspring, 





TABLE Ill Prevalence of Abnormal Echocardiographic Values 
in the Study Population 


Abnormality Prevalence 


Left ventricular hypertrophy 

Thick left ventricular walls 

High end-diastolic internal dimension 

High end-systolic internal dimension 

Low % fractional shortening 

Low % fractional shortening and high end-diastolic 
internal dimension 

Low fractional shortening and left ventricular hypertrophy 


170 (11.4%) 
302 (20.2%) 
186 (12.5%) 
126 (8.4%) 
76 (5.1%) 
34 (2.3%) 


11 (0.7%) 





TABLE IV Age-Adjusted Relative Risks of Cardiovascular 
Disease Events in Men: Results of Bivariate Proportion-Hazards 
Analyses 


Parameter Increment Relative Risk 


LV mass/height (g/m) 25 

Total wall thickness (mm) 2 

End-diastolic LV internal dimension 4 
(mm) 

End-systolic LV internal dimension 4 
(mm) 

Fractional shortening (%) —4 


1.29 (1.07—1.56) 
1.13 (0.97—1.32) 
1.17 (0.93-1.47) 


1.38 (1.11-1.73) 


1.51 (1.19-1.91) 


Increments correspond to 1 standard deviation change of the respective echocardio- 
graphic parameter. 

Values given are relative risks and 9596 confidence intervals. 

LV = left ventricular. 





TABLE V Age- and Risk Factor-Adjusted Relative Risks of 
Cardiovascular Disease Events in Men: Results of Multivariate 
Proportional-Hazards Analyses 


Parameter Relative Risk 


1.11 (0.89—1.40) 
1.00 (0.84—1.19) 
1.13 (0.89-1.43) 


Increment 


LV mass/height (g/m) 

Total wall thickness (mm) 

End-diastolic LV internal dimension 
(mm) 

End-systolic LV internal dimension 
(mm) 

Fractional shortening (96) 


1.30 (1.03-1.65) 


1.42 (1.12-1.81) 


Increments correspond to 1 standard deviation change of the respective echocardio- 
graphic parameter. 

Values given are relative risks and 9596 confidence intervals. 

Risk factors in multivariate proportional-hazards models included age, diabetes, 
smoking, cholesterol to high-density lipoprotein ratio, diastolic blood pressure, pulse 
pressure and body mass index. 

LV = left ventricular. 





p = 0.005). The prevalence of a high LV end-diastolic 
dimension was 186 of 1,493 (12.5%); a high LV end- 
systolic dimension was observed in 126 men (8.3%) 
(3.7% of cohort vs 9.0% of offspring, p = 0.023). Low 
fractional shortening was less common, occurring in 76 
subjects (5.1%). The combination of low fractional 
shortening and high end-diastolic internal dimension 
was observed in 34 men (2.3%). Eleven men (0.7%) had 
the combination of low fractional shortening and LV 
hypertrophy. 

After adjusting for age, systolic blood pressure and 
body mass index in stepwise multivariate linear regres- 
sion analyses, alcohol consumption was an independent 
predictor of LV mass (p = 0.013) and LV end-systolic 
dimension (p = 0.026); there was a trend relating alco- 
hol use to decreased fractional shortening (p = 0.071). 
Alcohol consumption was not related to LV wall thick- 
ness or LV end-diastolic dimension. 


1182 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 70 NOVEMBER 1, 1992 


Risk of cardiovascular disease events: The relative 
risks (RR) of cardiovascular disease events according to 
echocardiographic parameters are summarized in Ta- 
bles IV and V. When controlling for age in bivariate 
Cox proportional-hazards models, LV mass, end-systol- 
ic LV internal dimension and fractional shortening were 
significant predictors of cardiovascular disease events 
(all p <0.05). Of note, end-diastolic LV internal dimen- 
sion was not a significant predictor of cardiovascular 
disease events. After controlling for cardiovascular dis- 
ease risk factors (as well as age), only end-systolic LV 
internal dimension and fractional shortening remained 
significant predictors of cardiovascular disease events. A 
1 standard deviation decrease in fractional shortening 
(or 4%) was associated with a RR of 1.42 (95% CI 1.12 
to 1.81). 

In further analyses, subsets of male subjects with 
low fractional shortening were evaluated; these analyses 
are summarized in Table VI. Low fractional shortening 
itself was associated with an RR of 2.63 (95% CI 1.20 
to 5.76). Despite the low prevalence, subjects with both 
low percent fractional shortening and a high end-dia- 
stolic LV internal dimension had a markedly elevated 
age- and risk factor-adjusted RR for cardiovascular 
disease events (RR = 3.77, 95% CI 1.39 to 7.60). Simi- 
larly subjects with both low fractional shortening and 
LV hypertrophy had an RR of 5.93 (95% CI 1.97 to 
17.85). The combination of a high end-diastolic LV in- 
ternal dimension and LV hypertrophy did not confer a 
significantly increased risk of cardiovascular disease 
events. 

The age-adjusted rates of total cardiovascular dis- 
ease events in men are shown in Figure 1. The incidence 
of cardiovascular disease events in men with normal 
echocardiographic parameters was 10 per 1,000 person- 
years. Among men with low fractional shortening, the 
incidence was 28 events per 1,000 person-years (p = 
0.005). With both low fractional shortening and high 
end-diastolic LV internal dimension there were 45 
events per 1,000 person-years (p = 0.003), and with 


FIGURE 1. Age-adjusted rates of cardiovas- 
cular events according to baseline echocardio- 
graphic characteristics. Values refer to num- 
ber of events per 1,000 person-years of fol- 
low-up. Compared with normal subjects, the 
incidence of cardiovascular disease events 
was higher in subjects with a low fractional 
shortening (FS) (p = 0.005), in subjects with a 
shortening and left ventricular 


fractional 
hypertrophy (LVH) (p = 0.002). Dilatation re- 
fers to left ventricular internal dimension at 
(end) diastole >56 mm. 


Normal 








TABLE VI Age- and Risk Factor-Adjusted Relative Risks of 
Cardiovascular Disease Events in High-Risk Subset Men 


Subset Relative Risk 


2.63 (1.20—5.76) 
3.77 (1.59-8.93) 


Low fractional shortening 76 

Low fractional shortening and 34 
high end-diastolic LV internal 
dimension 

Low fractional shortening and 
LV hypertrophy 


5.93 (1.97—17.85) 


Values given are relative risks and 95% confidence intervals. 

Risk factors in multivariate proportional hazards models included age, diabetes, 
smoking, cholesterol to high-density lipoprotein ratio, diastolic blood pressure, pulse 
pressure and body mass index. 

LV = left ventricular. 


both low fractional shortening and LV hypertrophy 
there were 119 events per 1,000 person-years (p = 
0.002). 


DISCUSSION 

The principal finding of this study is that subclinical 
LV dilatation and LV systolic dysfunction, although 
uncommon in the general population of men, are associ- 
ated with a significantly increased risk of cardiovascu- 
lar disease sequelae. For the purposes of a large popula- 
tion-based epidemiologic study, this study used 2-di- 
mensional-guided M-mode echocardiography to assess 
LV chamber size and systolic function. The validity 
of using M-mode measurements of LV size and func- 
tion has been previously demonstrated.? Furthermore, 
>90% of the M-mode images analyzed in this study 
were obtained with the aid of 2-dimensional imaging; 
this improves the quantitative reliability of M-mode 
echocardiography.”? 

There are some important limitations in this study. 
The Framingham population is overwhelmingly white; 
thus, the data cannot be generalized to a black popula- 
tion. The incidences of overt congestive heart failure 
and cardiovascular death were low; it is possible that 
longer follow-up would have yielded significant results 
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relating to these outcome events. Another potential 
problem relates to the lack of correction of LV size for 
body size. At this time, optimal normalization of LV 
parameters for body size is an unsettled issue that is the 
subject of ongoing research at a number of centers in- 
cluding the Framingham Heart Study. 

In this healthy Framingham population consisting of 
men free of known cardiovascular disease, it appears 
that impaired LV systolic function, particularly when 
associated with LV dilatation or LV hypertrophy, is an 
independent risk factor for cardiovascular disease se- 
quelae after controlling for standard cardiovascular risk 
factors. LV dilatation alone, however, does not confer 
an increased risk for adverse outcome. The therapeutic 
and preventative implications of strategies to identify ef- 
ficiently persons with subclinical LV dilatation or sys- 
tolic dysfunction require further study. 
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Non-Insulin-Dependent Diabetes Mellitus and 
Improvement by a Short-Term Glycemic Control 
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To determine whether left ventricular (LV) filling 
abnormalities in diabetes are associated with dia- 
betic microangiopathy, and to evaluate the effect 
of a short-term glycemic control on the filling ab- 
normalities, diastolic filling dynamics were as- 
sessed by pulsed Doppler echocardiography in 
246 patients with non-insulin-dependent diabet- 
ics. Isovolumic relaxation time and the ratio of 
peak flow velocity of atrial filling wave to peak 
flow velocity of early filling wave (A/E) were sig- 
nificantly greater in diabetic patients than in age- 
and sex-matched control subjects. Diabetic pa- 
tients with retinopathy had significantly greater 
isovolumic relaxation time and A/E values than 
those without retinopathy. A/E was significantly 
decreased 1 month after insulin treatment in those 
without, but not with retinopathy. It is concluded 
that LV diastolic filling is impaired in mildly hyper- 
glycemic patients with non-insulin-dependent dia- 
betes mellitus without severe complications, the 
abnormality being more intense in patients with 
retinopathy. A short-term glycemic control results 
in a marked decrease in abnormalities in patients 
without, but not with retinopathy. 

(Am J Cardiol 1992;70:1185-1189) 
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phy have often been used in studies of left ventric- 

ular (LV) function, and the measurement of 
transmitral flow velocity by pulsed Doppler echocardi- 
ography has been shown to be useful in identifying LV 
filling abnormalities in a variety of diseases.2~’ With use 
of this technique, LV filling abnormalities are found in 
diabetes mellitus.5-!? Early detection of LV filling ab- 
normalities is important in the management of diabetic 
patients, because congestive heart failure may occur as 
a result of severe LV filling abnormalities despite nor- 
mal systolic function.!?:!^ The pathogenesis of LV filling 
abnormalities in diabetes is unclear, although microan- 
giopathic lesion of the myocardium may be associated 
with the development of diabetic cardiomyopathy and 
contributes to the development of LV diastolic dysfunc- 
tion in diabetic patients. Furthermore, the effects of gly- 
cemic control on LV diastolic filling dynamics in diabet- 
ic patients are not clearly established. The present study 
examines whether LV filling abnormalities are associ- 
ated with microangiopathy, and evaluates the effect of a 
short-term glycemic control on LV filling abnormalities 
in non-insulin-dependent diabetes. 


S ystolic time intervals and M-mode echocardiogra- 


METHODS 

Patients and study protocol: The diabetic popula- 
tion consists of 246 Japanese patients with NIDDM (97 
men, 149 women aged 40 to 79 years at the time of the 
examination). Patients were selected from those who 
visited the outpatient clinic of Asama General Hospital 
or Shinshu University Hospital between April 1988 and 
January 1992. Those with systemic hypertension, valvu- 
lar disease, coronary artery disease, recent, peripheral 
vascular disease, secondary diabetes mellitus, alcohol- 
ism, and renal (blood urea nitrogen >7.1 mmol/liter or 
serum creatinine >0.09 mmol/liter, or both), hepatic or 
thyroid disease were excluded. Those with silent coro- 
nary artery disease were excluded by treadmill exercise 
testing or exercise thallium myocardial scintigraphy, or 
both.!> The duration of diabetes ranged from 1 to 22 
years at the time of examination. The diagnosis of dia- 
betes mellitus was obtained with oral glucose tolerance 
test (75 g) based on the criteria of the World Health 
Organization.!'é Non-insulin-dependent diabetes melli- 
tus was defined as patients with onset of diabetes melli- 
tus for >30 years of age, fasting serum C-peptide values 
>200 pmol/liter and no history of ketoacidosis.!’ 

The patients were classified into 2 groups based on 
the presence of diabetic retinopathy: those with and 
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those without retinopathy. The control group consisted 
of 79 age- and sex-matched healthy persons. None had 
a history of hypertension or cardiac disease, and they 
were all normal by physical examination and by normal 
12-lead electrocardiogram. All subjects gave informed 
consent to participation in the study. 

First, to clarify the basic differences among control 
subjects, and diabetic patients with and without retinop- 
athy, M-mode and pulsed Doppler echocardiography 
were performed in each patient. Second, diabetic pa- 
tients who had mean fasting plasma glucose levels 
>10.6 mmol/liter with diet or oral hypoglycemic 
agents, or both, were randomly selected and treated 
with insulin for 6 months and the M-mode and pulsed 
Doppler echocardiographic examination were repeated 
1 and 6 months after the initiation of the insulin treat- 
ment. Thus, 28 diabetic patients without and 20 pa- 
tients with retinopathy were reevaluated. Body mass 
index was calculated as weight (kg)/height (m)?. Hy- 
pertension was diagnosed according to blood pressure 
(systolic pressure 2160 mm Hg, or diastolic pressure 
>95 mm Hg, or both) or history of antihypertensive 
drug treatment, or any combination of these. 

Echocardiographic examination: A complete 2-di- 
mensional, M-mode and pulsed Doppler echocardiogra- 
phy were performed in each patient using Aloka SSD- 
870 or Hewlett-Packard 77020A with a 2.5 or 3.5 MHz 
transducer. The subjects were studied in the left lateral 
position. The septal and LV posterior wall thicknesses 
at end diastole were determined according to the recom- 
mendations of the American Society of Echocardiogra- 
phy,! using the leading edge method. Doppler mitral 
flow recordings were obtained from the apical 4-cham- 
ber view using a 2.5 MHz transducer. The pulsed wave 
beam was positioned in a line parallel to the LV long 
axis, with the sample volume at the level of the mitral 
annulus.!? Tracings of 25 cardiac cycles with the high- 
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FIGURE 1. Diagrammatic representation of the ratio of early 
and atrial filling wave. A = peak flow velocity of A wave; 
AA = acceleration time of A wave; AD = deceleration time of A 
wave; E = peak flow velocity of E wave; EA = acceleration 
time of E wave; ECG = electrocardiogram; = deceleration 
time of E wave; IVRT = isovolumic relaxation time; $1 = first 
heart sound; S2 = second heart sound. 





est velocity profile of early diastolic LV filling were 
analyzed and the mean value was obtained. Peak flow 
velocity (E) of early filling wave (E wave), peak flow 
velocity (A) of atrial filling wave (A wave), A/E, accel- 
eration and deceleration times of E wave, acceleration 
and deceleration times of A wave, and isovolumic relax- 
ation time (time interval from the beginning of the sec- 
ond heart sound to the beginning of the E wave) (Fig- 
ure 1) were determined. Doppler recordings were ana- 
lyzed and measured by 2 observers who were unaware 
of the patients’ status. All drugs were discontinued 224 
hours before the echocardiographic study. 

Systolic time intervals: The ratio of preejection peri- 
od to LV ejection time was determined from simulta- 
neous recordings of electrocardiography, phonocardio- 
gram and carotid pulse wave. Preejection period was 
calculated by subtracting LV ejection time from elec- 
tromechanical systole (Q-IT). 

Reproducibility: Interobserver variability in the 
measurement of the A/E from the Doppler spectral 
profile between the 2 observers was assessed in 30 ran- 
domly selected subjects. The mean interobserver differ- 
ence in the A/E ratio was 0.02 + 0.002 (range 0 to 
0.09). Correlation of the measurements of the A/E ra- 
tio between the 2 independent observers was highly sig- 
nificant (r = 0.99; p <0.0001). 

Statistical analysis: All values are expressed as 
mean + SD. One-way analysis of variance and Scheffé 
F test were used in comparisons of the mean values. 
Comparison of mean values among 2 groups was done 
by the Student's t test. Chi-square test was used in com- 
parisons concerning frequency differences. Probability 
value <0.05 was considered significant. 


RESULTS 

Clinical characteristics of the study population (Ta- 
ble I): Hemoglobin Aj, was significantly higher and the 
duration of diabetes was significantly longer in diabetic 
patients with than without retinopathy. 

Left ventricular filling dynamics (Table Il): The pa- 
tients with retinopathy had significantly higher isovolu- 
mic relaxation time, deceleration time of E wave, and 
A/E than control subjects. E wave was significantly 
lower in those with retinopathy than in the control sub- 
jects. In patients with retinopathy, isovolumic relaxation 
time and A/E were significantly greater than in the 
control subjects, but the E wave was similar to that in 
control subjects. 

Systolic time intervals and M-mode echocardio- 
graphic measurements (Table Ill): Systolic time inter- 
vals such as preejection period, LV ejection time and 
the ratio of preejection period to LV ejection time were 
not significantly different among diabetic patients with 
and without retinopathy, and control subjects. Also M- 
mode echocardiographic indexes of systolic function 
such as ejection fraction, fractional shortening and car- 
diac output were not significantly different among the 3 
groups. 

Septal and LV posterior wall thicknesses and left 
atrial dimension were greatest in diabetic patients with 
retinopathy, intermediate in those without retinopathy 
and least in control subjects. Difference in septal wall 
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TABLE I Clinical Characteristics 


TABLE Ill Systolic Time Intervals and M-Mode Echocardiographic Measurements 
Diabetic Patients 


Parameters 


Preejection period 
LV ejection time 
Preejection period/ 

LV ejection time 
Ejection fraction 
Fractional shortening (96) 
Cardiac output (liters/min) 
Septal wall 

thickness (mm) 
Posterior wall 

thickness (mm) 
Left atrial dimension (mm) 


*Mean + SD. 


Control 
Subjects 
(n = 79) 


106 + 12* 
303 + 34 
0.35 + 0.04 


0.70 + 0.14 
39 +11 
46+1.5 
9.7+1.5 
9.6+1.8 


31+3 


tScheffé F test, compared with control subjects. 


LV = left ventricular. 


Without 
Retinopathy 
(n = 150) 


104 + 11 
306 + 34 
0.34 + 0.04 


0.67 + 0.15 
37 +8 
42+1.2 

10.4 + 1.8 

10.0 + 1.7 


32+4 
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With 
Retinopathy 
(n = 96) 


108 + 11 
297 + 32 
0.36 + 0.04 


p Value 


0.66 + 0.12 

38 +15 

43+ 1.0 
<0.01t 106+2.0 
10.7 + 2.2 


« 0.05t 33 +6 


Diabetic Patients 
r^ Control Without With 
Subjects Retinopathy Retinopathy 
Parameters (n = 79) (n = 150) p Value (n = 96) 
Men/women 22/57 58/92 39/57 NSt 
Age (years) 63 + 6* 64 +6 65+/7 NS 
Systolic BP (mm Hg) 132 + 16 185-cd2 137 +15 NSt 
Diastolic BP (mm Hg) 70 « 12 71x 14 74 € 15 NSt 
HR (beats/min) 62 + 10 64 +11 65+ 10 NS} 
Body mass index (kg/m?)  25.2+2.7 25.9 + 3.4 25.7 + 3.0 NSt 
Therapy of DM 

Diet 40 (27%) 13 (14%) <0.05§ 

Sulfonylurea 80 (53%) 51 (53%) 

Insulin 7.0+1.8 1.82 15 « 0.005| 
Duration of DM (years) 8.3 + 5.6 11.5 = 72 « 0.005 
*Mean + SD. 
tChi-square test, compared with controls. 
iScheffé F test, compared with controls. 

§Chi-square test, compared to without retinopathy. 

Somes. t test, compared to without retinopathy at 

P = blood pressure; DM = diabetes mellitus; HR = heart rate; NS = not significant. 
y 
TABLE II Doppler Flow Measurements 
Diabetic Patients 

Control Without With 
Subjects Retinopathy Retinopathy 

Parameters (n = 79) (n = 150) p Value (n = 96) 

IVRT (ms) 76 12^ 82 +15 «0.01t 86 + 24 <0.005t 

EA (ms) 77+ 21 80 +17 NS 84 + 28 NS 

ED (ms) 172 + 35 182 + 41 NS 186 + 44 <0.05f 

AA (ms) 67 + 16 64 + 16 NS 63 + 18 NS 

AD (ms) 80 + 16 79 x21 NS 85 + 22 NS 

E (cm/s) 46 x 13 44 + 13 NS 4] * 13 <0.05t 

A (cm/s) 54+ 15 57+ 16 NS 59+19 NS 

A/E 1.17 + 0.44 1.30 + 0.32 <0.05t 1.44 + 0.43 «0.0011 
*Mean + SD. 
tScheffé F test, compared with control subjects. 

A = peak flow velocity of A wave; AA = acceleration time of A wave; AD = deceleration time of A wave; E = peak flow 
velocity of E wave; EA = acceleration time of E wave; ED = deceleration time of E wave; IVRT = isovolumic relaxation time; 
NS = not significantly different compared with control subjects (Scheffé F test). 


p Value 


«0.011 


« 0.011 


<0.01t 





LITE & 





LER E 


1 Month 
Before After 


Parameters (n = 28) (n = 28) 


Men/women 

Age (years) 

Duration of DM (years) 
Body mass index (kg/m?) 
Systolic BP (mm Hg) 
Diastolic BP (mm Hg) 


132 + 12] 
70 + 19| 


63 + 19| 
7.7 + 0.81 


Fasting plasma 
glucose (mmol/liter) 
Hemoglobin 
Alc(%) 
*Mean + SD. 
tChi-square test, not significant compared with those without retinopathy. 


iStudent's t test, not significant compared with those without retinopathy. 
§Student's t test, p <0.005 compared with those without retinopathy. 


8.0 + 2.11 


TABLE IV Characteristics in Diabetic Patients Before and During Insulin Treatment 


Treatment in Patients Without Retinopathy 


130 + 17] 


8.0 + 1.21 


7.3 + 1.89 


Treatment in Patients with Retinopathy 


6 Months 1 Month 6 Months 
After Before After After 
(n = 28) (n = 20) (n = 20) (n = 20) 


8/12t 
65 + 7t 
9.5 + 4.1$ 
25.6 + 3.8§ 
144 + 15 
77 +20 
67 +12 
11.4 € 1.4 


138 + 15| 
72 + 21| 
64 + 18| 
7.8+1.19 


135 + 20| 
73 + 19| 
66 + 19| 
8.1 « 1.21 


71 + 18] 
62 + 17] 


9.2 € 2.2 8.4 + 1.51 7.6 + 2.0 


Bests F test, not significantly different compared with the value obtained before treatment. 


Scheffé F test, p « 0.001 compared with the value obtained before treatment. 
Abbreviations as in Table |. 


TABLE V Pulsed Doppler Echocardiographic Measurements in Diabetic Patients Before and During Insulin Treatment 


Treatment in Patients Without Retinopathy 


] Month 


6 Months 


Treatment in Patients With Retinopathy 


1 Month 6 Months 


Before After After Before After After 


Parameters (n = 28) (n = 28) 


83 +15 
88 + 20 
180 + 35 
59 + 20 
82+ 19 
47 * 12 
57 + 16 
1.21 £ 0:33f 


88 + 13* 
83 t 17 
184 + 41 
61+ 16 
79 +21 
44+ 16 
58 +12 


IVRT (ms) 
EA (ms) 
ED (ms) 


AA (ms) 
AD (ms) 
E (cm/s) 
A (cm/s) 
A/E 1.32 + 0.34 


*Mean + SD. 
tScheffé F test, p <0.01 compared with the value obtained before treatment. 
Abbreviations as in Table II. 





thickness between the control subjects and patients with 
or without retinopathy was statistically significant. 
However, with regard to posterior wall thickness, the 
difference between control subjects and patients with 
but not without retinopathy was significant. Left atrial 
dimension of the patients with and without retinopathy 
was significantly different from that of the control sub- 
jects. 

Effects of glycemic control on diastolic function: 
Characteristics of the patients who received insulin are 
listed in Table IV. However, glycemic control was simi- 
larly improved in patients with and without retinopathy. 
A/E was significantly decreased after initiation of insu- 
lin treatment in patients without but not with retinopa- 
thy; the decrease was already greatest in the former at 1 
month, and A/E of 1 and 6 months after treatment was 
comparable (Table V, Figure 2). Insulin treatment re- 
sulted in no significant change in blood pressure, heart 
rate, indexes of systolic time intervals (preejection peri- 
od, LV ejection time and the ratio of preejection period 
to LV ejection time) and M-mode echocardiographic 
parameters (ejection fraction cardiac output, and septal 
and posterior wall thicknesses) (data not shown). 
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(n = 28) 


84 + 16 
87 + 23 
178 + 40 
60 + 22 
77 +20 
46+ 10 
56 + 16 
1.22 + 0.40f 


(n = 20) (n = 20) (n = 20) 


90 + 22 
83 +19 
188 + 39 
60 + 21 
84 + 25 
40+9 
61+9 
1.53 + 0.32 


88 + 19 
84 + 21 
193 + 50 
57 +19 
79 + 23 
43+ 16 
59 +13 
1.37 + 0.40 


95 + 23 
87 + 22 
190 + 48 
58+ 11 
85 + 22 
41+ 12 
60 + 11 
1.46 + 0.35 


DISCUSSION 

In the present study, we confirmed that LV diastolic 
filling is impaired in stable, mildly hyperglycemic pa- 
tients with non-insulin-dependent diabetes mellitus 
without severe complication, and found that a short- 
term glycemic control results in a decrease in diastolic 
filling abnormalities only in patients without retinopa- 
thy. The degree of diastolic filling abnormality is great- 
er in patients with than without retinopathy. On the 
other hand, systolic function of the heart was normal 
irrespective of the presence of retinopathy. Such dis- 
crepancy between systolic function and diastolic filling 
has been noticed in diabetes mellitus as well as in hyper- 
tension and coronary artery disease.?:!°.!3:!4 Because hy- 
pertension and coronary artery disease are excluded in 
our patients, diastolic filling abnormalities are highly 
likely due to diabetes mellitus itself. A decrease in dia- 
stolic filling abnormalities by glycemic control in pa- 
tients without retinopathy also strongly suggests that 
abnormalities are directly related to hyperglycemia. 

Interestingly, we found that septal or posterior wall 
thicknesses, or both, are significantly thicker in diabetic 
patients than in control subjects. Also, left atrial dimen- 
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1.32+0.34 1.21+0.33 1.22+0.40 


p<0.01 
p<0.01 


1 month 
after 


6 month 
after 


Before 





FIGURE 2. Alterations of peak flow velocity of atrial wave to 


peak flow velocity of early filling wave (A/E) in diabetic pa- 
tients without before and during insulin treatment. 
Analysis of variance (Scheffe F test) was used. 


sion was greater in diabetic patients than in control sub- 
jects. Increase in left atrial dimension may develop as a 
consequence of exposure of the atrium to increased af- 
terload caused by impaired ventricular compliance in 
diabetic patients. This may contribute to an increase in 
an atrial component to LV filling, with a resultant atrial 
hypertrophy or enhanced atrial contractility, or both.?? 
Accumulation of interstitial glycoprotein?! or glycosyla- 
tion of intracellular proteins? may interfere with LV 
diastolic filling in patients with non-insulin-dependent 
diabetes mellitus. 

Results of the previous studies on the effects of insu- 
lin treatment on diastolic function are rather controver- 
sial: Litwin et al? reported the reversal of diastolic 
function with insulin treatment in the streptozotocin-di- 
abetic rat, whereas Uusitupa?” and Jermendy? and 
their co-workers reported no correlation between dia- 
stolic abnormalities and metabolic control of diabetes in 
cross-sectional studies. Our longitudinal data shed some 
light on this problem: A significant improvement of 
A/E is induced by an appropriate treatment with insu- 
lin within 1 month in patients without, but not with reti- 
nopathy. Furthermore, the magnitude of diastolic ab- 
normalities is more intense in patients with than without 
retinopathy. The differences in cardiac function be- 
tween patients with and without retinopathy is intrigu- 
ing, but the reason for the difference remains to be de- 
termined. 
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Age-Related Increase in Systolic Fraction of 
Pulmonary Vein Flow Velocity- Time 
Integral from Transesophageal Doppler 
Echocardiography in Subjects Without 
Cardiac Disease 
Michio Arakawa, MD, Shigeru Akamatsu, MD, Etsuji Terazawa, MD, Shuji Dohi, MD, 


Hiroshi Miwa, MD, Kensaku Kagawa, MD, Kazuhiko Nishigaki, MD, 
Yoshimi Ito, MD, and Senri Hirakawa, MD 


The pulmonary vein flow velocity-time profile 
would be equivalent to the pulmonary vein flow 
volume-time profile, provided that the cross-sec- 
tional area of the pulmonary vein remains un- 
changed during 1 cardiac cycle. The systolic frac- 
tion of the pulmonary vein flow velocity-time inte- 
gral, a ratio of velocity-time integral of the S wave 
to the sum of velocity-time integrals of the S and D 
waves, represents the ratio of left atrial storage 
volume to left ventricular stroke volume. This sys- 
tolic fraction may help early filling of the left ven- 
tricle through an appropriate storage of blood and 
generation of driving pressure in the left atrium. 
Because early filling of the left ventricle is pro- 
gressively impaired with age, it was hypothesized 
that this systolic fraction is increased with age. 
Forty-four noncardiac surgical patients (age range 
17 to 70 years) who underwent transesophageal 
Doppler echocardiography under general anesthe- 
sia were studied, and left upper pulmonary vein 
flow and mitral inflow velocities were recorded. 
The ratio of peak velocity of the E wave to that of 
the A wave of mitral inflow velocity-time profile (y) 
decreased with age (y = —0.0245 x age + 2.41; 
r — —0.672, p «0.01). Systolic fraction (y) in- 
creased with age (y = 0.00373 x age + 0.514; 
r = 0.656, p <0.01). The age-related increase in 
the systolic fraction of pulmonary vein flow veloci- 
ty-time integral may account for the compensation 
for impaired early filling of the left ventricle in el- 
derly patients. 

(Am J Cardiol 1992;70:1190-1194) 
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cle, we found that the left atrium normally stores 

approximately 50% of left ventricular stroke vol- 
ume in subjects aged 50 years (left atrial storage frac- 
tion).! We also found that the left atrial storage fraction 
is physiologically increased with age. 

The left atrial storage fraction may affect early fill- 
ing dynamics of the left ventricle by storage of blood 
and generation of driving pressure in the left atrium 
during ventricular systole, and may affect late filling 
dynamics of the left ventricle by increased storage of 
blood at the atrial contraction (increased preload of the 
left atrium). 

The pulmonary vein flow velocity-time profile has 2 
main forward flows, 1 during ventricular systole (S 
wave) and the other during ventricular diastole (D 
wave). Provided that the cross-sectional area of the pul- 
monary vein remains unchanged throughout 1 cardiac 
cycle, the pulmonary vein flow velocity-time profile is 
analogous to the pulmonary vein flow volume-time pro- 
file. Furthermore, provided that the pulmonary vein 
flow velocity-time profile is the same in the 4 pulmo- 
nary veins, the velocity-time integrals of the left upper 
pulmonary vein are analogous to total ventricular stroke 
volume. Accordingly, we can estimate the left atrial 
storage fraction as the ratio of the velocity-time integral 
of the S wave to the sum of the velocity-time integrals 
of the S and D waves, which we define as systolic frac- 
tion of the pulmonary vein flow velocity-time integral. 

The concept of this systolic fraction of the pulmo- 
nary vein flow velocity-time integral was first intro- 
duced by Kuecherer et al? who found that the systolic 
fraction decreases as left atrial pressure increases. From 
that study, the systolic fraction is 0.62 at the mean left 
atrial pressure of 10 mm Hg. This value is not greatly 
different from that of our aforementioned cineangio- 
graphic volume study. 

Kuecherer et al? did not find the age-related changes 
in this variable. Because early filling of the left ventricle 
is progressively impaired and left atrial active contrac- 
tion is increased with age, we hypothesize that the left 
atrial storage fraction is likely to be increased with age 
as a result of compensatory mechanism. 


He: cineangiograms of the left atrium and ventri- 
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TABLE I Patient Profile, and Hemodynamic and Doppler Echocardiographic Variables 


SBP/DBP Sa 
(mm Hg) (cm) 


Age (yr) HR 
Pt. & Sex (beats/min) 


110/56 
110/72 
108/66 
102/62 
110/72 
114/72 

98/56 
116/74 
120/80 
124/74 
114/66 
122/76 
130/78 
108/62 
122/78 
134/78 
124/60 
122/72 
110/62 
120/70 
106/70 
134/80 
140/88 
116/70 
116/72 
110/70 
122/72 
110/62 
120/88 
120/76 
126/76 
110/70 
120/68 
130/84 
136/84 
102/62 

98/58 
110/78 
110/70 
108/60 
130/80 
134/76 


OANA af WNM — 


104/60 


Sa/(Sa + Da) 


Peak E 
(cm/s) 


LVEDD 


Peak E/A (mm) LVFS LVEF 


Da = velocity-time integral of D wave; DBP = diastolic blood pressure; HR = heart rate; LVEDD = left ventricular end-diastolic dimension; LVEF = left ventricular ejection fraction; 
LVFS = left ventricular fractional shortening; Peak E = peak velocity of E wave; Peak E/A = ratio of peak velocity of E wave to that of A wave; Sa = velocity-time integral of S wave; 
Sa/(Sa + Da) = systolic fraction of pulmonary vein flow velocity-time integral; SBP = systolic blood pressure. 


METHODS 

We selected 44 noncardiac surgical patients (age 
range 17 to 70 years, mean 45) who had no apparent 
cardiovascular diseases found by physical examination, 
echocardiography and electrocardiography. Hemody- 
namics were within normal limits (Table I). Written in- 
formed consent was obtained from all patients. 

We waited until transient hemodynamic changes 
were stabilized after induction of anesthesia with fen- 
tanyl and intratracheal intubation before performing 
transesophageal Doppler echocardiography in patients 
undergoing surgery. 

The pulmonary vein flow velocity was recorded 
(Aloka SSD-860, 870) in the left upper pulmonary vein 
slightly distal to the entrance to the left atrium where 





Doppler color flow imaging indicated maximal flow ve- 
locity. Mitral inflow velocity was recorded at the mitral 
leaflet tips where Doppler color flow imaging indicated 
maximal flow velocity. The Doppler beam was as paral- 
lel as possible to its long axis. Patients with more than 
mild mitral regurgitation were excluded from the study. 

Recordings of heart rates <90 beats/min were ac- 
cepted, and 3 consecutive cardiac cycles were averaged 
for quantitation. From the pulmonary vein flow veloci- 
ty-time profile, we measured the velocity-time integrals 
of systolic and diastolic phases with planimetry. The 
systolic velocity-time integral was measured from the 
onset of the S wave to the onset of the D wave (nadir 
between S and D waves), whereas the diastolic velocity- 
time integral was measured from the onset to the end of 
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the D wave. The systolic fraction of the pulmonary vein 
flow velocity-time integral was expressed as a fraction 
of the sum of systolic and diastolic velocity-time inte- 
grals. 

The peak velocities of mitral inflow were measured 
at early (E wave) and late (A wave) filling. The ratio of 
peak velocity of the E wave to that of the A wave was 
determined as an index of left ventricular filling dynam- 
ics. 

To minimize inter- and intraobserver variabilities of 
measurements, 3 experienced investigators discussed 
each measurement and measured variables only after 
unanimous agreement. 


Pulmonary 
Vein Flow 
Velocity 


Mitral Flow 
Velocity 


RESULTS 

Patient profile, and hemodynamic and Doppler 
echocardiographic variables are listed in Table I. Repre- 
sentative pulmonary vein flow velocity-time profiles are 
shown with mitral inflow velocity-time profiles, 1 of 
young age and the other of old age, in Figure 1. Left 
ventricular systolic function (such as left ventricular 
fractional shortening) was not correlated with age. The 
peak velocity of the E wave decreased with age (r = 
—0.554; p <0.05), whereas that of the A wave tended to 
increase (r = 0.345). The ratio of peak velocity of the E 
wave to that of the A wave (y) had a significant nega- 
tive correlation with age (y = —0.0245 X age + 2.41; 


Vein Flow 
Velocity 


Mitral Flow ` 
Velocity 





FIGURE 1. Representative recordings of velocity-time profiles of pulmonary vein flow and mitral inflow in 2 subjects (young 
woman and old woman). Ratio of velocity-time integral under the S wave to sum of velocity-time integrals under the S and D 
waves is larger in elderly subject than in young adult. However, the ratio of peak velocity of the E wave to that of the A wave is 
larger in young adult than in elderly subject. Da = velocity-time integral of the D wave; Sa = velocity-time integral of the S wave. 


y = -0.0245x + 2.41 


n= 44 
r = -0.672 
p < 0.01 


Peak E/A 2 





FIGURE 2. Ratio of peak velocity of the E 
wave to that of the A wave (Peak E/A) in 
mitral inflow as function of age. This index 


age and left atrial active contraction is in- 
creased. 


(Years) 
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r = —0.672, p <0.01) (Figure 2). The velocity-time in- 
tegral of the S wave was slightly increased with age 
(r = 0.263), whereas that of the D wave tended to de- 
crease (r = —0.428). The systolic fraction of the pulmo- 
nary vein flow velocity-time integral (y) had a signifi- 
cant positive correlation with age (y = 0.00373 X age + 
0.514; r = 0.656, p <0.01) (Figure 3). 

These results indicate that both diastolic dysfunction 
of the left ventricle and systolic fraction of the pulmo- 
nary vein flow velocity-time integral increase with age. 
The age-related increase in systolic fraction appears to 
compensate the left ventricle for the age-related impair- 
ment of early diastolic filling. 


DISCUSSION 

Determinants of pulmonary vein flow: In patients 
with atrial fibrillation, the pulmonary vein flow velocity 
recorded with transthoracic Doppler echocardiography 
showed only the D wave, and the S wave was reestab- 
lished after restoration of normal sinus rhythm.’ How- 
ever, the S wave (which is smaller) is detected almost 
always in patients with atrial fibrillation examined with 
transesophageal Doppler echocardiography. 

Downward movement of the mitral valve annulus 
contributes to the S wave of pulmonary vein flow veloci- 
ty. The magnitude of the mitral annulus excursion and 
left atrial area change is related to the degree of left 
ventricular emptying.^ We did not measure the extent 
of mitral annulus motion; the effects of mitral annulus 
motion on age-related changes remain unknown. 

The systolic fraction of the pulmonary vein flow ve- 
locity-time integral is reported to be linearly decreased 
with an increase in left atrial pressure. Although we 
did not measure left atrial pressure, we believe that all 
subjects had normal intracardiac pressure. 

Both mitral stenosis and regurgitation affect the pul- 
monary vein flow velocity-time profile. No subject had 
mitral valve disease in this study. 

Age-related changes in left ventricular diastolic 
function and left atrial contraction: [n normal subjects, 


FIGURE 3. Ratio of velocity-time integral 

under the S wave to sum of velocity-time 

integrals under the S and D waves [Sa/(Sa 

+ Da)]. This index (systolic fraction of pul- 
vein 


Sa/(Sa+Da) 





the ratio of peak velocity of mitral inflow in the atrial 
contraction phase to that in the early filling phase in- 
creases with age.? Similarly, we reported an age-related 
increase in the left atrial active contraction volume in 
relation to left ventricular stroke volume.! These results 
suggest that left ventricular early filling is impaired 
with age and that the contribution of the left atrial ac- 
tive contraction to left ventricular filling is compensa- 
torily augmented. This can be explained as follows: Left 
atrial volume after atrial contraction decreases, because 
a more vigorous left atrial contraction causes more left 
atrial emptying. Thus, augmented left atrial active con- 
traction would increase the rate and amount of left atri- 
al filling through the pulmonary vein flow during subse- 
quent ventricular systole. However, the impaired early 
filling of the left ventricle would decrease flow through 
the pulmonary vein during ventricular diastole. Thus, 
both mechanisms may explain an increased ratio of left 
atrial storage volume to left ventricular stroke volume 
with age. 

Study limitations: There is a reverse flow velocity 
signal during the left atrial contraction period in the 
pulmonary vein flow velocity-time profile. This reverse 
flow alternates between the left atrium and pulmonary 
vein, and theoretically would not be incorporated in left 
ventricular stroke volume. However, we disregarded the 
velocity-time integral during atrial contraction, which 
would apparently increase systolic fraction. 

The major problem is a phasic change in the cross- 
sectional area of the pulmonary vein during 1 cardiac 
cycle. From the study by Rajagopalan et al,° we esti- 
mate that the phasic change in cross-sectional area be- 
tween maximum and minimum is approximately 30% 
within the range of normal pressure. Accordingly, it is 
not absolutely correct to regard pulmonary vein flow ve- 
locity-time profile as flow volume-time profile. How- 
ever, cross-sectional area changes occur during both 
ventricular systole and diastole, which would minimize 
the effects of cross-sectional area changes on pulmonary 
vein flow velocity-time integral. 


y = 0.00373x + 0.514 
n= 44 

r = 0.656 

p < 0.01 


80 
(Years) 
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The similarity of flow velocity-time integrals be- 
tween the right and left upper pulmonary veins has not 
been confirmed, although there is a report that velocity- 


time integrals of the S and D waves were not signifi- 


TM Aig d 


cantly different between the 2 pulmonary veins.’ 
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Frequency of Long-Term Lower Limb Ischemia 
Associated with Intraaortic Balloon Pump Use 
Marjorie Funk, PhD, RN, CCRN, Catherine F. Ford, MSN, RN, 


Doris W. Foell, MSN, RN, Susan Bonini, MSN, RN, Dorothy L. Sexton, EdD, RN, 
Adrian M. Ostfeld, MD, and Henry S. Cabin, MD 


Lower limb ischemia is a frequent complication of 


intraaortic balloon pump (IABP) use. The inci- 
dence and risk factors for acute ischemia have 
been well-defined, but little is known about long- 
term ischemic complications. This prospective 
study evaluated the incidence, nature, progression 
and predisposing factors for long-term lower limb 
ischemia in 151 patients who were previously 
treated with the IABP. These persons were inter- 
viewed and their lower extremities examined 12 to 
20 months after undergoing IABP counterpulsa- 
tion. Limb ischemia, characterized primarily by ip- 
silateral discomfort and diminished pulses, oc- 
curred in 18% of those evaluated. Evidence of is- 
chemia worsened over time in 14%. Logistic 
regression analysis, which was based on variables 
found to be significant in bivariate analysis, re- 
vealed that the occurrence of limb ischemia acute- 
ly, cardiogenic shock as an indication for IABP in- 
sertion, and smoking (at the time of hospitalization 
or having quit <10 years previously) were risk 
factors for long-term lower limb ischemia. The ad- 
justed odds ratio for acute limb ischemia was 
8.89 (95% confidence interval 2.80 to 28.21), for 
cardiogenic shock 3.59 (95% confidence interval 
1.01 to 12.75), and for smoking 2.87 (95% confi- 
dence interval 1.10 to 7.46). Increasing numbers 
of patients are undergoing IABP counterpulsation 
and a greater proportion of these are surviving 
their acute event and resuming active lives. It is 
essential to recognize that detrimental conse- 
quences of this device can persist long after hospi- 
talization. 

(Am J Cardiol 1992;70:1195-1199) 
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the intraaortic balloon pump (IABP) has been 

used with increasing frequency and success in the 
management of unstable angina and cardiogenic shock, 
and prophylactically before cardiac surgery. The most 
common complication associated with this device is 
acute ischemia of the limb into which the IABP cathe- 
ter is inserted. It has been cited as occurring in 0 to 42% 
of patients undergoing IABP counterpulsation, with 
most investigators reporting a 10 to 20% incidence.?-?? 

In a prospective evaluation of 249 consecutive pa- 
tients undergoing IABP counterpulsation over a 16- 
month period at Yale-New Haven Hospital, we found 
that 47% had evidence of acute lower limb ischemia. 
Logistic regression analysis revealed that a history of 
peripheral vascular disease, female sex, and diabetes 
predisposed patients to the development of acute is- 
chemic complications.? 

Although the incidence and risk factors for acute 
lower limb ischemia have been established, little is 
known about the long-term effect of the IABP on 
the circulation of the lower extremities. The limited 
data available on the long-term consequences of the 
[ABP,91052728 along with the high rate of acute is- 
chemic complications that we found, prompted us to 
evaluate these patients over time. The purpose of this 
prospective study was to determine the incidence, na- 
ture, progression and risk factors for long-term lower 
limb ischemia in patients who were previously treated 
with the IABP. 


S ince its introduction into clinical practice in 1967,! 


METHODS 

Patients: Of the 249 patients in our initial study, 
151 were available for long-term evaluation. Sixty-one 
of the original patients (24%) died during hospitaliza- 
tion. Of the 188 who were discharged, 16 subsequently 
died, 13 were lost to follow-up, 6 declined further par- 
ticipation in the study, and 2 had had thoracic instead 
of femoral insertions. Patients with acute limb ischemia 
were not excluded from long-term evaluation. 

The sample of 151 consisted of 69% men (mean age 
+ SD 65 + 10 years [range 36 to 86]). Coronary insuf- 
ficiency, which included acute myocardial infarction 
and unstable angina, was the most common indication 
for IABP insertion (80%). Cardiogenic shock, unsuc- 
cessful angioplasty, and inability to wean from cardio- 
pulmonary bypass prompted IABP use in most of the 
remaining patients. Nearly all balloon catheters were 
placed percutaneously, and most were 10.5Fr catheters 
(Datascope Corporation, Montvale, New Jersey). Dura- 
tion of counterpulsation ranged from <1 hour to 170 
hours (mean + SD 45 + 30). In patients with acute 
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limb ischemia, the IABP was usually removed, and if 
ischemia persisted, a vascular surgical procedure was 
performed. 

Procedure: Four of us (MF, CF, DF, and SB) and 3 
research assistants evaluated subjects in their homes for 
evidence of long-term lower limb ischemia at 12 to 20 
months after treatment with the IABP. We interviewed 
subjects concerning their current health and activity lev- 
el, and asked about symptoms of lower limb ischemia, 
including pain, discomfort and sensory changes. 

This was followed by an examination of the lower 
extremities for signs of ischemia. We evaluated skin col- 
or and temperature, trophic changes and the presence of 
edema. Capillary refill was designated as “brisk” or 
“slow.” Popliteal, posterior tibial, and dorsalis pedis 
pulses were palpated and rated on a 4-point scale. If 
they were absent on palpation, a Doppler ultrasound 
probe was used. An ankle-brachial index provided a 
standardized measure of pressures. Using a sphygmo- 
manometer and Doppler probe, bilateral ankle and bra- 
chial pressures were measured. A ratio of the ankle 
pressure to the brachial pressure of <0.75 was consid- 
ered abnormal. Interrater agreement on physical exami- 
nation findings among the evaluators was 0.94. 

Lower limb ischemia associated with IABP use was 
defined as the presence of ischemic symptoms or ab- 
normal physical findings on examination, or both, con- 
fined to the limb into which the balloon catheter had 
been inserted. Although contralateral ischemia might 
have been related to embolic or thrombotic phenomena 
caused or exacerbated by the catheter, we believed that 
it was more likely due to prior underlying vascular dis- 
ease. 

Statistical analysis: Frequencies were computed to 
define the incidence, nature and progression of lower 
limb ischemia. Preliminary bivariate analysis using chi- 
square and ¢ tests was used to determine factors that 
were related individually (p <0.05) to the occurrence 
of ischemic complications. Stepwise logistic regression 
analysis was then used to determine a group of variables 
that were related independently to the development of 
ischemia. In an effort to avoid missing any potentially 
important factors, all variables with a p value <0.10 by 
bivariate analysis were considered for inclusion in the 
logistic regression equation. Odds ratios with 95% confi- 
dence intervals were calculated for each significant fac- 
tor in the final logistic model. 


RESULTS 

Incidence and nature of long-term lower limb ische- 
mia: At the time of follow-up, lower limb ischemia was 
apparent in the limb into which the IABP catheter had 
been inserted in 27 of the 151 persons (18%) evaluated. 
Evidence of lower limb ischemia occurred in the cathe- 
terized leg, but did not differ from that in the contralat- 
eral leg, in an additional 28 (19% of the 151). Because 
these ischemic changes were not limited to the catheter- 
ized limb, they could not, with any certainty, be attrib- 
uted to the IABP. 

Physical examination revealed that diminished 
pulses in the catheterized leg was the most prevalent 
sign of balloon-related ischemia, occurring in 10% of the 


sample. Limb ischemia was also characterized by an an- 
kle-brachial pressure ratio of «0.75 in 5%, edema in 
2%, postural color changes in 2%, and trophic changes 
in 1%. Additional subjects exhibited signs of ischemia in 
both lower extremities. 

When questioned about ischemic symptoms, 11% 
complained of discomfort exclusively in the leg into 
which the balloon catheter had been inserted. This dis- 
comfort ranged from leg fatigue with exercise to inter- 
mittent claudication to pain at rest. Sensory changes, 
which included numbness, tingling and a cold feeling, 
were present in the catheterized limb in 8% of patients. 
Again, a number of other patients had symptoms in 
both limbs. 

Almost one third of the sample noted some limita- 
tion in activity, with half of these limited by leg prob- 
lems. Eleven percent sought physician evaluation for 
problems with circulation in their legs. 

Progression of lower limb ischemia: To determine 
the progression of lower limb ischemia over time, objec- 
tive signs of ischemia were compared with signs of prob- 
lems documented by us during hospitalization, and pa- 
tients were asked to compare symptoms of ischemia 
from the time of hospital discharge to the present. Signs 
and symptoms of ischemia in the catheterized limb 
worsened over time in 14%. Bilateral progression of is- 
chemia occurred in an additional 15%. Furthermore, 5% 
of those who had no evidence of balloon-related ische- 
mia acutely, had problems at follow-up; 18% of those 
with minor ischemia in the hospital became worse, and 
38% of those with major ischemic complications acutely 
were worse at follow-up evaluation. A major ischemic 
complication was defined as an acute vascular condition 
that resulted in a residual deficit, caused restriction of 
activity or prolonged hospitalization, or required inter- 
vention. 

Risk factors for long-term lower limb ischemia: Bi- 
variate analysis revealed that, of the 19 variables ana- 
lyzed (see Table I), acute lower limb ischemia, smoking 
(defined as smoking at the time of hospitalization or 
having quit <10 years previously), preexisting sympto- 
matic peripheral vascular disease, hypotension (defined 
as a mean arterial blood pressure <70 mm Hg during 
or after balloon pumping), and cardiogenic shock as an 
indication for IABP insertion were significantly related 
to the occurrence of long-term limb ischemia. Odds ra- 
tios with 9596 confidence intervals are displayed in Ta- 
ble II. 

These 5 variables were then included in the multi- 
variate stepwise logistic regression analysis. This analy- 
sis revealed that acute ischemia, smoking and cardio- 
genic shock each demonstrated a significant (p «0.05) 
and independent relation to long-term lower limb ische- 
mia while controlling for the effect of the other factors 
(Table III). Preexisting symptomatic peripheral vascu- 
lar disease and hypotension were not retained in the fi- 
nal multivariate model. Adjusted odds ratios with 95% 
confidence intervals were obtained for each significant | 
risk factor in the presence of the others. Patients who 
had had acute ischemia were 8.89 times as likely as 
those who did not to have evidence of ischemia at long- 
term follow-up (95% confidence interval 2.80 to 28.21). 


1196 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 70 NOVEMBER 1, 1992 





TABLE I Relation of Variables to Chronic Lower Limb Ischemia 
by Bivariate Analysis 






































































Total 
No. of 
Patients 


No. (26) of 
Patients with 
Limb Ischemia 





Variable p Value 





Sex 


Men 104 16 (15.4%) 0.336 
Women 47 11 (23.4%) 
Acute limb ischemia 
Yes 71 23 (32.4%) 0.000* 
No 80 4 (5.0%) 
Hypertension 
Yes 77 16 (20.8%) 0.462 
No 74 11 (14.9%) 
Preexisting symptom- 
atic PVD 
Yes 48 14 (29.2%) 0.025* 
No 103 13 (12.6%) 
Smoking 
Current or quit < 10 68 18 (26.5%) 0.023* 
years ago 
Never or quit 2 10 83 9 (10.8%) 
years ago 
Diabetes 
Yes 41 8 (19.5%) 0.936 
No 110 19 (17.3%) 
Hypercholesterolemiat 
Yes 68 10 (14.7%) 0.492 
No 73 15 (20.5%) 
Cardiac index during or 
after IABP counter- 
pulsationt 
<2 liters/min/m? 32 9 (28.1%) 0.112 
Always > 2 liters/ 101 14 (13.996) 
min/m? 
Mean arterial pressure 
during or after IABP 
counterpulsation 
« 70 mm Hg 70 18 (25.7%) 0.034* 
Always z 70 mm Hg 81 9 (11.1%) 
Systemic vascular resis- 
tance during or after 
IABP counterpulsa- 
tiont 
> 1,300 dynes s cm5 43 8 (18.6%) 0.550 
Always x 1,300 50 6 (12.0%) 
dynes s cm? 
Restraint used on leg 
with IABP catheter 
Yes 39 7 (17.9%) 0.818 
No 112 20 (17.9%) 
Vasopressors during or 
after IABP counter- 
pulsation 
Yes 65 15 (23.1%) 0.217 
No 86 12 (14.0%) 
Cardiogenic shock as 
indication for IABP 
counterpulsation 
Yes 15 6 (40.0%) 0.045* 
No 136 21 (15.4%) 
Saphenous vein graft 
from same leg as 
IABP catheter 
Yes 40 7 (17.5%) 0.930 
No 80 12 (15.0%) 
IABP catheter inserted 
with aid of fluoros- 
copy 
Yes 123 21 (17.1%) 0.787 


No 6 (21.4%) 
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TABLE | Continued 


Total No. (%) of 
No. of Patients with 
Variable Patients Limb Ischemia p Value 


Physician inserting 
IABP cathetert 
Cardiologist 
Cardiothoracic surgeon 
Difficulty inserting IABP 
catheter 
Yes 4 (28.6%) 
No 23 (16.8%) 
Diameter of IABP 
cathetert 
10.5Fr 
12.0Fr 


21 (17.6%) 
5 (16.776) 


22 (19.6%) 
4 (10.8%) 


Mean (SD) for 
Patients 
Without Limb 
Ischemia 


Mean (SD) for 
Patients 
With Limb 


Ischemia p Value 


66.7 (9.9) 64.1 (10.4) 0.231 
*p «0.05. 
tincomplete data. 


IABP = intraaortic balloon pump; PVD = peripheral vascular disease. 


TABLE Ii Odds Ratios of Variables Found to be Significantly 


Related to Chronic Lower Limb Ischemia by Bivariate Analysis 


% with 
Ischemia 


Odds Ratio 


Variable p Value (95% Cl) 


Acute limb ischemia 
Yes 32.4% 
No 5.0% 

Preexisting symptomatic PVD 
Yes 29.2% 
No 12.6% 

Smoking 
Current or quit < 10 years ago 
Never or quit > 10 years ago 

Cardiogenic shock as indication 

for IABP counterpulsation 
Yes 40.0% 
No 15.4% 
Mean arterial pressure during or 
after IABP counterpulsation 
<70 mm Hg 
Always > 70 mm Hg 


9.10 
(2.97, 27.95) 


2.85 
(1.22, 6.68) 


26.5% 
10.8% 


2.96 
(1.23, 7.11) 


3.65 
(1.18, 11.34) 


25.7% 
11.1% 


gd. 
(1.15, 6.65) 


Cl = confidence interval; IABP = intraaortic balloon pump; PVD = peripheral vas- 
cular disease. 





Those who had had their IABP inserted for cardiogenic 
shock were 3.59 times as likely as those who had other 
indications for IABP counterpulsation to have ischemia 
(95% confidence interval 1.01 to 12.75). Smokers were 
2.87 times more likely than nonsmokers to have ische- 
mia (95% confidence interval 1.10 to 7.46). 


DISCUSSION 

Much is known about acute ischemic complications 
associated with IABP counterpulsation, but there are 
only a few reports®!°!>2728 evaluating the long-term 
consequences of the IABP. These reflect use of the 
IABP >10 years ago. Since then, the technology has 
changed (including use of the percutaneous approach 
and portable IABP systems) and indications for use 
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TABLE Ill Adjusted Odds Ratios of Variables Found to be 
Significantly Related to Chronic Lower Limb Ischemia by 
Multivariate Analysis 







Standard Adjusted Odds Ratio 
Error (95% Cl) 





Variable Beta 









Acute limb ischemia 2.1851 0.5890 8.89 (2.80, 28.21) 


(0 = no, 1 = yes) 
Cardiogenic shock 

(0 = no, 1 = yes) 
Smoking (0 = no, 1 = yes) 1.0541 0.4877 
Intercept 3.6831 0.6357 


Cl = confidence interval. 


have expanded. More patients are being treated with 
the IABP, and more are surviving their acute event and 
resuming active lives. It is important, therefore, to ap- 
preciate the long-term effect of this device. 

We evaluated signs and symptoms of lower limb is- 
chemia in 151 patients who had undergone IABP coun- 
terpulsation 12 to 20 months previously. Ipsilateral low- 
er limb ischemia was evident in 18%. This is lower than 
the ischemic rates of 26 to 32% reported by other inves- 
tigators.9101577 The more conservative definition of is- 
chemia used in our study may account for the lower 
rate. Ischemia had to be present exclusively in the limb 
into which the balloon catheter had been inserted for it 
to be considered associated with IABP use. An addi- 
tional 19% of our patients had bilateral ischemic prob- 
lems. It is not clear from reports of other studies wheth- 
er bilateral ischemia was attributed to the [ABP cathe- 
ter. If so, their rates of ischemia may be falsely high. 
However, improvements in the design of the balloon 
catheter or increased skill of the physicians inserting the 
catheter may have led to the lower complication rates in 
our series. Nonetheless, the fact that 18% of the sub- 
jects we assessed had evidence of lower limb ischemia 
directly attributable to IABP use is notable. 

We also found that evidence of ischemia in the cath- 
eterized limb worsened over time in 14%, and that those 
with more serious problems acutely had greater deterio- 
ration. We evaluated patients at 12 to 20 months after 
they had undergone IABP counterpulsation. It is not 
known whether continued longitudinal follow-up would 
have revealed persistent progression of problems. Other 
investigators did not indicate that they evaluated the 
course of limb ischemia. 

Because limb ischemia remains a problem long after 
use of the IABP, and actually gets worse in some pa- 
tients, it is important to determine risk factors for this 
complication. Multivariate analysis revealed that the oc- 
currence of acute ischemic problems, cardiogenic shock 
as the indication for IABP use, and smoking predis- 
posed patients to long-term limb ischemia. The periph- 
eral hypoperfusion resulting from cardiogenic shock, in 
the setting of thrombus formation associated with vas- 
cular trauma related to the balloon catheter, may con- 
tribute to placing these persons at heightened risk. It is 
notable that smoking emerged as an independent pre- 
dictor of leg ischemia, while preexisting symptomatic 
peripheral vascular disease did not. Smoking is a known 
risk factor for vascular disease, and may, in fact, be a 






1.2768 0.6475 3.59(1.01, 12.75) 






2.87 (1.10, 7.46) 
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more sensitive marker for underlying disease than is 
claudication. It is plausible that many patients without 
claudication had subclinical peripheral vascular disease, 
which then predisposed them to long-term ischemic 
problems. We,” as well as others,?^52? found that pre- 
existing peripheral vascular disease was associated with 
acute ischemic complications. The initial phase of our 
study also revealed that smoking was significantly relat- 
ed to the occurrence of major acute ischemic complica- 
tions.?ó 

Only 1 previous study evaluated predisposing factors 
to long-term problems. They determined that difficulty 
inserting the balloon catheter was the only factor associ- 
ated with ischemic complications; we did not find this to 
increase risk significantly (p = 0.466). 

Our observation that detrimental effects of IABP 
counterpulsation persist after hospitalization empha- 
sizes the necessity of ongoing vascular assessments, es- 
pecially in patients whose history of acute limb ische- 
mia, cardiogenic shock or smoking places them at in- 
creased risk. 


Acknowledgment: We are very grateful to Patricia 
Bresser; MSN, RN, Ina Olsson, BSN, RN, and Pra- 
sama Sangkachand, MSN, RN, CCRN, for their assis- 
tance with data collection. We also thank Jane Dixon, 
PhD, and Antionette Tyndall, MSN, RN, CCRN, for 
their valuable comments regarding this study. 


REFERENCES 

1. Kantrowitz A, Tjonneland S, Freed PS, Phillips SJ, Butner AN, Sherman JL 
Jr. Initial clinical experience with intraaortic balloon pumping in cardiogenic 
shock. JAMA 1968;203:135-140. 

2. Adams PX, Bregman D. Peripheral vascular problems in patients requiring 
intraaortic balloon counterpulsation. Cardiac Surg State Art Rev 1987;2:99-107. 
3. Alderman JD, Gabliani GI, McCabe CH, Brewer CC, Lorell BH, Pasternak 
RC, Skillman JJ, Steer ML, Baim DS. Incidence and management of limb 
ischemia with percutaneous wire-guided intraaortic balloon catheters. J Am Coll 
Cardiol 1987;9:524-530. 

4. Gottlieb SO, Brinker JA, Borkon AM, Kallman CH, Potter A, Gott VL, 
Baughman KL. Identification of patients at high risk for complications of intra- 
aortic balloon counterpulsation: a multivariate risk factor analysis. 4m J Cardiol 
1984;53:1135-1139. 

5. Kantrowitz A, Wasfie T, Freed PS, Rubenfire M, Wajszczuk W, Schork MA. 
Intraaortic balloon pumping 1967 through 1982: analysis of complications in 733 
patients. Am J Cardiol 1986;57:976-983. 

6. Chenevey B, Sexton-Stone K. Lower limb ischemia: an iatrogenic complication 
of IABP. Dimens Crit Care Nurs 1985;4:264-273. 

7. Collier PE, Liebler GA, Park SB, Burkholder JA, Maher TD, Magovern GJ. Is 
percutaneous insertion of the intra-aortic balloon pump through the femoral 
artery the safest technique? J Vasc Surg 1986;3:629-634. 

8. Iverson LIG, Herfindahl G, Ecker RR, Young JN, Ennix CL, Lee J, Dunning 
C, Whisenant A, May IA. Vascular complications of intraaortic balloon counter- 
pulsation. Am J Surg 1987;154:99-103. 

9. Pelletier LC, Pomar JL, Bosch X, Galinanes M, Hebert Y. Complications of 
circulatory assistance with intra-aortic balloon pumping: a comparison of surgical 
and percutaneous techniques. J Heart Transplant 1986;5:138-142. 

10. Sanfelippo PM, Baker NH, Ewy HG, Moore PJ, Thomas JW, Brahos GJ, 
McVicker RF. Experience with intraaortic balloon counterpulsation. Ann Thorac 
Surg 1986;41:36-41. 

11. Harvey JC, Goldstein JE, McCabe JC, Hoover EL, Gay WA Jr, Subraman- 
ian VA. Complications of percutaneous intraaortic balloon pumping. Circulation 
1981;64(suppl II):H-114-1II-117. 

12. Hauser AM, Gordon S, Gangadharan V, Ramos RG, Westveer DC, Garg 
AK, Timmis GC. Percutaneous intraaortic balloon counterpulsation: clinical ef- 
fectiveness and hazards. Chest 1982;82:422-425. 

13. Martin RS III, Moncure AC, Buckley MJ, Austen WG, Akins C, Leinback 
RC. Complications of percutaneous intra-aortic balloon insertion. J Thorac Car- 
diovasc Surg 1983;85:186-190. 

14. Beckman CB, Geha AS, Hammond GL, Baue AE. Results and complications 
of intraaortic balloon counterpulsation. Ann Thorac Surg 1977;24:550-559. 
15. Pace PD, Tilney NL, Lesch M, Couch NP. Peripheral arterial complications 


NOVEMBER 1, 1992 


— 0 
i 


of intra-aortic balloon counterpulsation. Surgery 1977;82:685-688. 

16. McCabe JC, Abel RM, Subramanian VA, Gay WA Jr. Complications of 
intra-aortic balloon insertion and counterpulsation. Circulation 1978;57:769-773. 
17. Alpert J, Bhaktan EK, Gielchinsky I, Gilbert L, Brener BJ, Brief DK, 
Parsonnet V. Vascular complications of intra-aortic balloon pumping. Arch Surg 
1976;111:1190-1195. 

18. Goldberger M, Tabak SW, Shah PK. Clinical experience with intra-aortic 
balloon counterpulsation in 112 consecutive patients. Am Heart J 1986;111: 
497-502. 

19. Golding LAR, Loop FD, Peter M, Cosgrove DM, Taylor PC, Phillips DF. 
Late survival following use of intraaortic balloon pump in revascularization opera- 
tions. Ann Thorac Surg 1980;30:48-51. 

20. Goldman BS, Hill TJ, Rosenthal GA, Scully HE, Weisel RD, Baird RJ. 
Complications associated with use of the intra-aortic balloon pump. Can J Surg 
1982;25:153-156. 

21. Lefemine AA, Kosowsky B, Madoff I, Black H, Lewis M. Results and 
complications of intraaortic balloon pumping in surgical and medical patients. Am 
J Cardiol 1977;40:416-420. 

22. Perler BA, McCabe CJ, Abbott WM, Buckley MJ. Vascular complications 
of intra-aortic balloon counterpulsation. Arch Surg 1983;118:957-962. 


c (eit Sl OG UE 
, ~ 4 A1 


23. Scheidt S, Wilner G, Mueller H, Summers D, Lesch M, Wolff G, Krakauer J, 
Rubenfire M, Fleming P, Noon G, Oldham N, Killip T, Kantrowitz A. Intra- 
aortic balloon counterpulsation in cardiogenic shock: report of a co-operative 
clinical trial. N Engl J Med 1973;288:979-984. 

24. Todd GJ, Bregman D, Voorhees AB, Reemtsma K. Vascular complications 
associated with percutaneous intra-aortic balloon pumping. Arch Surg 1983;118: 
963-964. 

25. Bregman D, Nichols AB, Weiss MB, Powers ER, Martin EC, Casarella WJ. 
Percutaneous intraaortic balloon insertion. Am J Cardiol 1980;46:261-264. 
26. Funk M, Gleason J, Foell D. Lower limb ischemia related to use of the 
intraaortic balloon pump. Heart Lung 1989;18:542-552. 

27. Felix WR Jr, Barsamian E, Silverman AB. Long-term follow-up of limbs 
after use of intra-aortic balloon counterpulsation device. Surgery 1982;91: 
183-187. 

28. Baron DW, O'Rourke MF. Long-term results of arterial counterpulsation in 
acute severe cardiac failure complicating myocardial infarction. Br Heart J 
1976;38:285-288. 

29. Kvilekval KHV, Mason RA, Newton GB, Anagnostopoulos CE, Vlay SC, 
Giron F. Complications of percutaneous intra-aortic balloon pump use in patients 
with peripheral vascular disease. Arch Surg 1991;126:621-623. 


ISCHEMIA AND BALLOON PUMP 1199 





Automated, On-Line Quantification of Left 
Ventricular Dimensions and Function by 
Echocardiography with Backscatter Imaging and 
Lateral Gain Compensation 
Julio E. Pérez, MD, Steve C. Klein, MD, David M. Prater, Carolyn E. Fraser, 


Hiram Cardona, MD, Alan D. Waggoner, BA, RDMS, Mark R. Holland, PhD, 
James G. Miller, PhD, and Burton E. Sobel, MD 





To provide on-line quantification of left ventricular 
cavity dimensions and function by echocardiogra- 
phy 60 control subjects and 10 patients with car- 
diac dysfunction were studied. A novel, ultrasound 
imaging system was used which was developed to 
detect and track, in real time, ventricular endocar- 
dial blood boundaries based on quantitative as- 
sessment of acoustic properties of tissue. In addi- 
tion, lateral gain compensation, a robust and novel 
image enhancement procedure, was used to pro- 
vide instantaneous measurement and display of 
cavity areas and functional indexes on a beat-by- 
beat basis within regions of interest drawn around 
the blood pool cavity. In control subjects, short- 
axis end-diastolic area averaged 13.1 + 3.7 cm? 
(SD), end-systolic area 5.9 + 2.7 cm?, and frac- 
tional area change 55.6 + 11.2%. Apical views 
yielded corresponding values of 23.8 + 4.5 cm2, 
15.5 + 3.4 cm? and 34.7 + 7.8%. Instantaneous 
peak rate of cavity area change approximated 50 
cm/s in systole and 60 cm?/s in diastole in each 
view. Serial measurements of area and functional 
index were reproducible over intervals of 2 to 3 
weeks. Patients with dilated ventricles exhibited 
average apical view area values of 49.1 + 6.1 cm? 
and 43.1 + 4.9 cm? in diastole and systole with a 
fractional area change of 12.2 + 3.0%. Thus, re- 
sults with on-line echocardiographic backscatter 
imaging-assisted automated edge detection are re- 
producible and capable of delineating cardiac dys- 
function conveniently, promptly and serially at the 
bedside. 

(Am J Cardiol 1992;70:1200-1205) 
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the impetus for acquisition of most echocardio- 
grams in adult cardiology practices. Neverthe- 

less, despite the American Society of Echocardiogra- 
phys recommendations regarding quantification, ! 
assessment of left ventricular (LV) function remains 
largely qualitative because off-line quantification of vid- 
eo images is laborious and protracted. Accordingly, con- 
siderable effort has been devoted to automated edge de- 
tection (i.e., recognition of the acoustic boundary be- 
tween endocardium and blood) in echocardiographic 
images.?™ °? To date, however, available methods general- 
ly have not obviated the need for off-line computation. 
An echocardiographic automated boundary detec- 
tion system has been recently developed!? that permits 
instantaneous quantification of cardiac chamber areas 
and function. The present study evaluates the clinical 
applicability of a refined and expanded approach using 
not only automated backscatter imaging-assisted edge 
detection, but also lateral gain compensation to assess 
the reproducibility of results it provides and to define 
normal values of LV area and selected parameters of 
LV function delineated on-line in control subjects. Re- 
producibility of the variables measured on-line was as- 
sessed by serial measurements of LV cavity area and 
function in the same subject at 2- to 3-week intervals. 


F valuation of ventricular dimensions and function is 


METHODS 

Normal subjects and patients: We performed 81 
studies (1 in each of 49 control subjects, 2 in each of 
another 11 control subjects, and 1 in each of 10 pa- 
tients). The 60 control subjects (46 men and 14 women) 
were healthy hospital personnel, faculty members and 
medical students. No subject was taking any medication 
known to influence cardiac function directly or indirect- 
ly, and none had any history of cardiac disease or sys- 
temic hypertension. 

The 10 cardiac patient studies were obtained for 
comparison with those of control subjects. Patients were 
selected from those studied routinely in our echocardi- 
ography laboratory, who were known to have a dilated 
left ventricle (judged visually from the conventional 
echocardiograms). All had been referred to the labora- 
tory for the evaluation of LV function, with presump- 
tive diagnoses that included: dilated cardiomyopathy, 
congestive heart failure of uncertain etiology, and previ- 
ous myocardial infarction. 
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Automated backscatter imaging-assisted edge de- 
tection and lateral gain compensation: The major com- 
ponents of the system developed for these studies have 
been described recently in detail.!° In brief, the image 
processing procedure that underlies automated bound- 
ary detection is a modification of quantitative integrat- 
ed backscatter imaging!!-!6 performed with an integra- 
tion time of 3.0 us, which corresponds to approximately 
2.5 mm, over which each squared radiofrequency A line 
is analyzed. This is in contrast to a normal ultrasound 
image which exhibits an integration time of approxi- 
mately 1⁄4 of that of the backscatter image. Thus, there 
is a marked reduction of speckle noise in the image." 
Accordingly, discrimination of the endocardial blood in- 
terfaces and boundaries (manifesting significantly dif- 
ferent backscatter and thus signal strength) is facilitat- 
ed allowing automatic detection of boundaries (Figure 
1A) and tracking of the boundaries in real time. These 
boundaries are then superimposed upon the convention- 
al 2-dimensional image displayed in the system. Refine- 
ments of previous approaches^ and the addition of novel 
software developed for this purpose allow the operator 
to easily trace a region of interest around the well-delin- 
eated blood pool cavity. A calculation and graphics soft- 
ware package computes and displays the area of the LV 
(blood pool) cavity within the region of interest instan- 
taneously (in cm?) along with the fractional area 
change (peak diastolic minus peak systolic divided by 
peak diastolic area [in %]) for each beat (Figure 1B). 
The first derivative of the area signal (dA /dt in cm?/s) 
is displayed instantaneously as well (Figure 1C) to pro- 
vide on-line estimates of the rate of change of systolic 
chamber area dimensions (an index of contractile per- 
formance) and diastolic cavity area expansion. 

Echocardiographic procedures: We obtained a com- 
plete, baseline, 2-dimensional echocardiogram conven- 
tionally in all control subjects, and documented normal 
LV internal dimension («5.5 cm at end-diastole) and 
normal global and segmental function for each. In the 
patients studied, a conventional echocardiogram was 
obtained initially documenting global and severe or 
moderate to severe dilatation and dysfunction (visual 
assessment) of the left ventricle. To implement the auto- 
mated boundary-detected imaging procedure, we first 
obtained the highest possible quality conventional im- 
age, with optimal delineation of endocardial surfaces. 
The backscatter imaging boundary detection algorithm 
was then activated. The displayed border was automati- 
cally superimposed in a tracking fashion in real time 
over the endocardial blood interface that was detected 
by the algorithm on a frame-by-frame basis. The com- 
pression and postprocessing controls do not operate 
while the boundary detection imaging procedure is acti- 
vated, and the preprocessing control was not changed 
from that used for acquisition of conventional images. 
In most subjects, minor adjustments in the time-gain 
compensation settings and transmitted gain control 
were required to ensure that the displayed border was 
superimposed over the endocardium. To verify that this 
was indeed the case, the algorithm was activated and 
inactivated on multiple occasions so that the endocardi- 
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FIGURE 1. A short-axis view at the level of the papillary mus- 
cles (end-diastole) of the left ventricle with backscatter-assist- 
ed automated edge detection with the region of interest traced 
by the operator (midmyocardial white circle); B, simultaneous 
display of a compressed real-time short-axis view (upper right 
corner) within a region of interest drawn around the blood 
pool cavity of the left ventricle and the resulting instantaneous 
measurements. The graphics depict the electrocardiogram, 
beat-by-beat left ventricular cavity area waveform (in cm?) 
and the associated fractional area change (FAC; in 96); C, si- 
multaneous display of the left ventricle as imaged by automat- 
ed edge detection (upper right hand corner) and graphics of 
the cavity area (top) and the rate of change in cavity area 
(dA/dt, in cm?/s). The systolic rate of cavity contraction is de- 
picted below the zero line and the diastolic rate of cavity ex- 
pansion (peak in early diastole) is displayed above the base- 
line. 
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al location in the conventional image could be visualized 
throughout diastole and systole as a template for the 
superposition of the borders. 

Lateral gain compensation: Because myocardium 
exhibits anisotropic properties, attenuation increases 
and backscatter decreases when the predominant intra- 
myocardial fibers are relatively parallel to the ultrasonic 
beam.!5-?? Thus, in approximately 30% of patients stud- 
ied previously," automated boundary detection could 
not be implemented because of the reduced effective 
backscatter in the anterolateral and posteroinferior seg- 
ments of the left ventricle in the short axis, and of the 
septum and lateral wall of the left ventricle in the apical 
4-chamber view (Figure 2A). Accordingly, in the pres- 
ent study, lateral gain compensation was implemented 
to selectively enhance the receiver gain within 1 or more 
lateral (or vertical to the time-gain compensations) sec- 
tors within the image (Figure 2B), thereby gradually 
enhancing the gain along the endocardial blood inter- 
face in the lateral aspects of the chamber. This ap- 
proach improved tracking and facilitated on-line quanti- 


tation. The gain was increased selectively and manually 
by the operator in incremental steps along 1 lateral 
(vertical) section of the sector at a time (Figure 2C) 
until the displayed border overlapped the endocardium- 
blood border in those edges. The identical process was 
repeated on the contralateral borders until the entire pe- 
rimeter of endocardial-blood border was detected and 
tracked (Figure 2D). Thus, lateral gain compensation 
was used to enhance boundary detection in the image 
and to facilitate on-line quantitation. 

Statistical considerations: A minimum of 3 and a 
maximum of 5 cardiac cycles were averaged for acquisi- 
tion of each measurement (end-diastolic and end-systol- 
ic areas, fractional area change, and systolic and dia- 
stolic peak dA/dt) from the LV parasternal short-axis 
view (papillary muscles level) and the apical 4-chamber 
view. In the 49 healthy control subjects, each of whom 
were studied only once, the cavity area measurements 
were normalized with respect to the subject's body sur- 
face area. Mean values + SD were obtained for each 
measurement (Table I). In the 11 healthy control sub- 





FIGURE 2. A, short-axis view of the left ventricle at the papillary muscle level with automated boundary detection delineating 

the lateral borders only poorly (arrows) because of anisotropic properties of myocardium; B, same image as that shown in Fig- 
ure 2A, with the lateral gain compensation enhancement sector located over the first region of myocardium to be enhanced se- 
lectively; C, after selective lateral gain compensation of the posteroseptal wall, the endocardium is readily detected and tracked, 
even though the anterolateral wall remains delineated only poorly; D, after selective enhancement of the posteroseptal region 

(with a procedure similar to that described in the legend to Figure 2B), the endocardium is now well detected, and the image is 
suitable for on-line quantification. 
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jects who were studied twice, mean values for the first 
and second measurement were compared (unpaired 2- 
tailed t test), and a p value $0.05 was considered signif- 
icant. 


RESULTS 

Control subjects: The 60 normal subjects studied 
(mean age 25.4 + 5.2 years [range 22 to 50]) exhibited 
an average body surface area of 1.86 m? (range 1.47 to 
2.3). Data from the 49 control subjects studied once are 
presented in Table I. We excluded 2 subjects because of 
inadequate automated boundary detection images (the 
edge-detection algorithm failed to track the endocardi- 
um) as judged from visualization of the conventional 
image. Lateral gain compensation was used uniformly 
for enhancement of lateral borders and tracking of 
edges throughout the cardiac cycle. Despite the wide 
variability in body surface area among the subjects 
studied, values expressed as an index exhibited a narrow 
distribution for both the short-axis and apical views. 
The peak rates of area change exhibited comparable 
mean values when measured from short-axis and apical 
views in either peak systole and peak diastole (Table I). 

Reproducibility of results: Repeated measurements 
of LV cavity area obtained in 11 healthy control sub- 
jects studied twice, at intervals of 2 to 3 weeks, yielded 
consistent results (Figure 3), with both short-axis or ap- 
ical views in diastole and in systole. Similarly, the frac- 
tional area change was remarkably constant in both 


views. There was no difference between mean values. 
Individual variations were «1096. Thus, despite slight 
individual variations in fractional area change, values 
were close to the mean value of approximately 35 or 
55% in the apical and short-axis views, respectively. 















TABLE I Control Subjects: Normal Values for the Left Ventricle 
Mean Range 


Short-Axis View (n — 49) 


Diastolic 


Area 13.1 + 3.7 cm? 6.5-22.6 cm? 

Index 7.0 + 1.9 cm?/m? 4—11.5 cm2/m? 
Systolic 

Area 5.9 + 2.7 cm? 1.2-13.4 cm? 

Index 3.1 + 1.3 cm?/m? 0.9-6.7 cm?/m? 
Fractional area change — 55.6 + 11.2% 25.5-86% 


24.8-72 cm?/s 
32.2—86 cm?/s 


49) 


43.5 + 9.6 cm?/s 
60.6 + 13.5 cm?/s 


Systolic (dA/dt) 
Diastolic (dA/dt) 















Apical Four-Chamber View (n — 


Diastolic 
Area 23.8 + 4.5 cm? 
Index 12.7 + 1.8 cm?/m? 


14—32.3 cm? 
9—16.4 cm?/m? 


Systolic 
Area 15.5 + 3.4cm? 8.5—22.7 cm? 
Index 8.3 + 1.6 cm?/m? 4,5—11.5 cm?/m? 
Fractional area change 34.7 + 7.8% 22.6-60% 


30.4—90cm?/s 
38.2—85 cm?/s 


51.0 + 13.7 cm?/s 
58.7 + 17.3 cm?/s 


Systolic (dA/dt) 
Diastolic (dA/dt) 









Values are mean + SD. 
dA/dt — peak rate of change in area in the specified phase of the cardiac cycle. 


Apical Four-Chamber View 


LV End-Diastolic Area (cr) 


line in 2 separate studies in api- 
cal and short-axis views at end- 
diastole (left panels) and end- 
systole (right panels) at 
intervals of 2 to 3 weeks in each 
subject. Mean values + SD in 
the 2 studies were virtually iden- 
tical. 


First 
Measurement 


LV End-Diastolic Area (cn?) 


First 
Measurement 


Measurement 


Measurement 


LV End-Systolic Area (cm) 


Second First 


Measurement 


Second 
Measurement 


Short-Axis View 


40 
nz 10 


— 


LV End-Systolic Area (cm) 


Second First 


Measurement 


Second 
Measurement 
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Studies in patients: Patients with LV cavity areas 
judged to be moderately to severely increased at the 
time of conventional echocardiography exhibited end- 
diastolic areas ranging from 40.3 to 59 cm? (mean 49.1 
+ 6.1), end-systolic areas ranging from 35.4 to 52 cm? 
(mean 43.1 + 4.9), and mean fractional area changes of 
12.2 + 3.0% (range 7.3 to 18.6; Figure 4). 


DISCUSSION 

Automated edge detection was developed primarily 
to facilitate quantification of ventricular function. The 
approach developed and used in this study employs 
quantitative acoustic measurements of tissue-blood in- 
terfaces performed on a line-by-line basis within a de- 
fined field of view to generate a real-time image. Auto- 
mated tracking of the edges is implemented in each 
frame. Regions of interest are drawn around any select- 
ed cardiac chamber to obtain instantaneous estimates of 
cavity area and derived functional indexes with graphic 
waveforms displayed on a beat-by-beat basis. The re- 
sults in this study define ranges of LV area and indexes 
of function in normal subjects and document the repro- 
ducibility of estimates of LV cavity areas and function 
in serial studies of control subjects. Furthermore, they 
support the use of on-line measurement of rate of 
change of cavity area during systole and diastole in 2- 
dimensional echocardiographic images. In addition, 
they demonstrate the value of lateral gain compensa- 
tion, a novel refinement in echocardiographic image 
processing and display that permits acquisition of quan- 
titative images in >90% of control subjects studied. We 
believe that from 3 to 6 months of experience using this 
technique will result in the performance of automatic 
edge detection in 5 to 6 minutes in each adult patient. 

Results in previous studies: Off-line measurements 
of LV area have been reported in normal volunteers. 
Triulzi et al?! previously acquired measurements in 72 
volunteers. The LV cavity areas obtained from the par- 
asternal short-axis view reported by Triulzi are larger 
than those measured in the present study. The differ- 
ence is accounted for by the convention of excluding the 
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FIGURE 4. images and instantaneous area data obtained from 
a patient with dilated cardiomyopathy. Markedly increased 
cavity areas and severely reduced fractional area change (dia- 
stolic minus systolic area values, divided by diastolic value) 
are evident. 
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papillary muscles (i.e., counting their area as blood pool 
area) when performing off-line cavity area measure- 
ments. However, the fractional area change values in 
both studies are virtually identical (57 + 8 vs 55.6 + 
11%). The American Society of Echocardiography rec- 
ommendations! include normal values for short-axis LV 
area that are intermediate between those of the study of 
Triulzi et al and those obtained in the current study. 

Measurements obtained from apical 4-chamber 
views in Triulzi's work were larger than those we found, 
particularly for end-diastolic areas (33.2 + 7.7 vs 23.8 
+ 4.5 cm? in the current study). End-systolic areas were 
comparable in both studies. Thus, the fractional area 
change we obtained in the present study is modestly 
smaller. The modest difference in results in the 2 studies 
can be explained on the basis of the motion of the atrio- 
ventricular junction (mitral annular) plane, because it 
descends prominently toward the apex during systole in 
these subjects with normal LV function. In this study, 
the region of interest drawn by the operator around the 
perimeter of the cavity is fixed and does not track the 
motion of the atrioventricular plane in systole. By hav- 
ing a fixed region of interest near end-systole, we ob- 
tained a presumably more accurate estimate of end-sys- 
tolic area, although with a modest underestimation of 
the end-diastolic area and hence the fractional area 
change. An antipodal choice would have resulted in 
overestimation of the end-systolic area because of inclu- 
sion of some left atrial cavity area within the region of 
interest drawn around the left ventricle as the mitral 
annular plane descended toward the apex. The estimat- 
ed fractional area change would have been reduced as 
well, but at the expense of spurious inclusion of left atri- 
al area in the systolic measurement of LV chamber. 
This discrepancy will be minimized in patients with LV 
dysfunction where atrioventricular plane displacement 
is reduced. In initial studies,!? fractional area change 
measured on-line correlated well with measurements of 
ejection fraction obtained by analysis of conventional 
echocardiography off-line as confirmed in the present 
study. 

In addition to the aforementioned limitation regard- 
ing small apical diastolic areas and fractional area 
change as compared with others previously reported, 
other limitations relate to widespread applicability. We 
believe that between 80 and 85% of unselected adult 
patients can be studied by transthoracic echocardiogra- 
phy with this technique. This limit is imposed by image 
quality in the conventional echocardiogram that impairs 
endocardial visualization in different views. As with any 
new approach, intense training, familiarity and caution 
in overextending its capabilities are necessary. 

Rate of cavity area change: The on-line derived in- 
dexes of peak rates of LV cavity area change in diastole 
or systole are analogous to off-line measurements of 
rates of change in linear dimension from digitized M- 
mode recordings popularized by Upton and Gibson.? 
Unlike the estimates obtained from the first derivative 
of the LV pressure curve, the variables we measured 
are obviously not isovolumic, but rather dependent on 
changes in the cavity dimensions reflecting contraction 
or expansion once ejection or LV filling have com- 
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menced. They reflect changes in cardiac cavity area 
(ventricular or atrial, sequentially studied) during spe- 
cific phases of the cardiac cycle. Thus, they may prove 
useful in complementing information characterizing 
ventricular or atrial compliance, currently obtained by 
analysis of transvalvular blood flow velocity measured 
by Doppler echocardiography.” 
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Effects of Quinidine and Amiodarone on Blood Pressure During Rapid 
Ventricular Pacing in Coronary Artery Disease 


Hugh Calkins, MD, Yu Shyr, MS, Anthony Schork, PhD, Alan Kadish, MD, and Fred Morady, MD 


T he hemodynamic response to ventricular tachycardia 
is an important determinant of prognosis.! Many 
factors determine the hemodynamic response to ventricu- 
lar tachycardia, including (1) the rate of the ventricular 
tachycardia,” (2) systolic and diastolic ventricular func- 
tion,*? and (3) the neurohumoral response to the arrhyth- 
mia.$/ Antiarrhythmic drugs such as quinidine and 
amiodarone may either improve hemodynamics during 
ventricular tachycardia by slowing the rate of the tachy- 
cardia, or may impair the hemodynamic response to ven- 
tricular tachycardia by decreasing ventricular contractili- 
ty, blunting the neurohumoral response to the tachycar- 
dia, or by causing vasodilation.5-!4 No prior studies have 
evaluated the effect of antiarrhythmic drugs on the he- 
modynamic response to ventricular tachycardia indepen- 
dent of their effects on the rate of the tachycardia. The 
objective of this study was to determine the relative ef- 
fects of quinidine and amiodarone on the blood pressure 
(BP) response to rapid ventricular pacing in humans. 
Previous studies have demonstrated that the BP response 
during ventricular tachycardia and during ventricular 
pacing are similar.* Therefore, in this study ventricular 
pacing was used to assess the effects of antiarrhythmic 
drugs on the BP response independent of heart rate. 

The subjects of this study were 9 patients (8 men and 
1 woman, mean age 62 + 7 years) who had inducible 
sustained monomorphic ventricular tachycardia during 
electrophysiologic testing and who underwent electro- 
pharmacologic testing with both quinidine and amioda- 
rone. The indication for electrophysiologic testing was 
aborted sudden death in 2 patients, syncope in 6 patients, 
and nonsustained ventricular tachycardia in 1 patient. 
Each patient had coronary artery disease and a history 
of a prior myocardial infarction. The mean left ventricu- 
lar ejection fraction was 0.33 + 0.11. Each of the 9 
patients was clinically stable at the time of their initial 
electrophysiology test and throughout the period of eval- 
uation. No patient had anginal symptoms, a history of a 
myocardial infarction within the prior 3 months, or con- 
gestive heart failure requiring adjustment of their medi- 
cal regimen. Six patients were being treated with digox- 
in, 5 with diuretics, 4 with an angiotensin-converting 
enzyme inhibitor, and 1 patient with a calcium antago- 
nist. The dose of calcium antagonists and angiotensin- 
converting enzyme inhibitors was kept constant through- 
out the period of evaluation. The dose of digoxin was 
reduced by 50% at the time of initiation of quinidine and 
amiodarone therapy. 

Electrophysiology tests were performed in the fasting 
state 25 half-lives after discontinuation of all antiar- 
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rhythmic drugs and B blockers. Each patient gave in- 
formed consent. Quadripolar electrode catheters were 
inserted into a femoral vein and positioned at the high 
right atrium, across the tricuspid valve to record a His 
bundle electrogram, and at the apex of the right ventri- 
cle. A 5Fr cannula was inserted into a femoral artery for 
BP monitoring. Leads V;, I and III, the intracardiac 
electrograms, and BP were recorded at a paper speed of 
10 or 25 mm/s using a Siemans-Elema Mingograph 7 
recorder. 

All patients also underwent electrophysiologic test- 
ing after treatment with quinidine and amiodarone. Fol- 
low-up testing during quinidine therapy was performed 
248 hours after initiation of treatment with quinidine 
gluconate at a dose of 486 to 648 mg 3 times a day. The 
follow-up electrophysiology test was performed «2 
hours before the next scheduled dose. The mean plasma 
quinidine concentration at the time of follow-up electro- 
physiologic testing was 3.2 + 1.0 mg/liter (range 2.2 to 
4.3 mg/liter). Each patient still had inducible sustained 
monomorphic ventricular tachycardia during treatment 
with quinidine and was then treated with amiodarone. 
Follow-up electrophysiologic testing during amiodarone 
therapy was performed 9 to 10 days after initiation of 
treatment with amiodarone at a dose of 1,800 mg/day in 
3 divided doses. 

The pacing protocol was performed in each patient 
after completion of the clinically indicated portion of the 
electrophysiology test. Pacing was performed at the right 
ventricular apex at cycle lengths of 600, 500, 400, 350, 
300, 280 and 260 ms. Ventricular pacing was performed 
at each cycle length for 30 to 40 seconds or until the 
patient became presyncopal. The minimal duration of 
pacing at each cycle length was 20 seconds. The sequence 
of cycle lengths at which pacing was performed was 
randomized. If the patient's systolic BP was «40 mm Hg 
at a given cycle length, pacing at shorter cycle lengths 
was not performed. Between pacing at each cycle length, 
the patient was allowed to recover for 25 minutes or 
until mean BP returned to within 5 mm Hg of the base- 
line mean BP. No patient developed angina or ischemic 
ST changes during pacing. 

At each pacing cycle length the systolic, diastolic and 
mean BPs were measured after 30 seconds of pacing or at 
the point at which the patient became presyncopal (mini- 
mum of 20 seconds). BP was determined by averaging 
the BP response during 4 to 6 beats. Thirty seconds was 
selected because previous studies have demonstrated 
that the initial abrupt decrease in BP during rapid ven- 
tricular pacing is followed by an increase in BP. Stabili- 
zation of the BP is generally achieved within 30 seconds 
of the onset of rapid ventricular pacing. To confirm 
stabilization of BP within 30 seconds of pacing, BP was 
compared 30 and 40 seconds after onset of pacing in each 
patient at 1 or more cycle lengths between 300 and 400 
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TABLE I Systolic Blood Pressure During Ventricular Pacing TABLE II Mean Blood Pressure During Ventricular Pacing 


Cycle Length (ms) 


Sinus rhythm 


Baseline 


138 + 28 
128 + 27 
131 + 26 
120+ 17 
97+18 
65+ 14 
52+9 
39 +7 


Quinidine 


124 + 28 
120 + 31 
121 + 26 
109 + 28 
81+ 29 
55 + 23 
44+14 
40+8 


Amiodarone 


133 + 24 
129 + 26 
123 + 29 
111 t.35 
79 + 34 
56 + 28 
42/2 15 
39 + 16 


p Value 


Cycle Length (ms) 
Sinus rhythm 


Baseline 


89 +13 
87 +15 
87 +15 
84+ 13 
69 + 13 
50x 7 
41+/7 
31+4 


Quinidine 


81+13 
79 +14 
80 + 12 
74+ 16 
58+ 18 
43+13 
35 € 11 
28+6 


Amiodarone 


p Value 


*p = 0.1 baseline versus quinidine; p = 0.04 baseline versus amiodarone; p = 0.18 
quinidine versus amiodarone. 

tp = 0.05 baseline versus quinidine; p = 0.04 baseline versus amiodarone, p = 
0.18 quinidine versus amiodarone. 





ms. Neither the systolic nor the diastolic BP differed at 
30 and 40 seconds of pacing (p >0.2). 

The effects of quinidine and amiodarone on BP dur- 
ing ventricular pacing were evaluated in 2 ways. In the 
first analysis, the systolic and mean BP at each paced 
cycle length in the baseline state and during therapy with 
quinidine and amiodarone were compared using a re- 
peated-measures analysis of variance and paired t tests. 
To determine the independent effects of cycle length and 
drug regimen on the BP response to ventricular pacing, a 
repeated-measures analysis of variance for 2 factors, 
both of which are repeated, was also performed. The 
second method of analysis involved modeling the rela- 
tion between BP and the pacing rate via polynomial 
regressions, and comparing the estimated coefficients for 
the model of this relation under the 3 conditions. For 
each of the 2 variables, mean BP and systolic BP, models 
relating these variables to heart rate were developed as 
follows: First, we investigated which regression model — 
linear, quadratic or cubic — adequately fit the data for 
each patient and condition separately. Based on the coef- 


FIGURE 1. Linear regressions of systolic 


axis and the ventricular pacing rate is 
shown on the horizontal axis. BPM = 
beats/min. 


Systolic Blood Pressure (mmHg) 


*p = 0.03 baseline versus quinidine; p = 0.05 baseline versus amiodarone; p = 
0.75 quinidine versus amiodarone. 





ficients of determination (r2), it was concluded that a 
linear model explained a sufficient proportion of the 
variation for both mean BP and systolic BP (average r 
was 0.86 and 0.89 for mean BP and systolic BP, respec- 
tively). Next, using the estimated intercept and slope 
from these linear regressions for each patient and condi- 
tion, a repeated-measures analysis of variance and 
paired t tests were computed to assess whether differ- 
ences among the 3 conditions exist. A p value <0.05 was 
considered significant. 

Table I summarizes the effect of pacing on systolic 
BP in the baseline state and during therapy with quini- 
dine and amiodarone. Systolic BP was no different dur- 
ing quinidine and amiodarone therapy than under base- 
line conditions at most paced cycle lengths. However, at 
a paced cycle length of 350 ms, systolic BP was lower 
during amiodarone therapy than in the baseline state, 
and at a paced cycle length of 280 ms, systolic BP was 
lower during quinidine and amiodarone therapy than in 
the baseline state. An analysis of variance for 2 repeated 
factors (drug regimen and cycle length) demonstrated 
that there was a significant independent effect of cycle 
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length on the systolic BP response to pacing (p <0.001) 
but that there was no effect of drug regimen on the 
systolic BP response to ventricular pacing (p — 0.08). 

Table II describes the effect of pacing on the mean 
BP. The mean BP was no different during quinidine and 
amiodarone therapy than under baseline conditions at 
all paced cycle lengths except at a cycle length of 350 ms. 
During ventricular pacing at 350 ms, the mean BP was 
lower during both quinidine and amiodarone therapy 
than in the baseline state. An analysis of variance for 2 
repeated factors (drug regimen and cycle length) demon- 
strated that there was a significant independent effect of 
cycle length on the mean BP response to pacing (p 
<0.001), but that there was no effect of drug regimen on 
the mean BP response to ventricular pacing (p = 0.11). 

Neither the y-intercept nor the slope of the inverse 
linear relation between heart rate and systolic BP were 
different in the baseline state than during quinidine and 
amiodarone therapy (207 + 40 vs 194 + 45 vs 208 + 41 
mm Hg, p = 0.5 and —0.7 + 0.2 vs —0.7 + 0.2 vs —0.8 + 
0.2, p — 0.4, respectively; Figure 1). Similarly, neither 
the y-intercept nor the slope of the inverse linear relation 
between heart rate and mean BP were different in the 
baseline state than during quinidine and amiodarone 
therapy (133 + 26 vs 120 + 21 vs 132 18 mm Hg, 
p = 0.14 and —0.4 + 0.1 vs —0.4 + 0.1 vs —0.4 + 0.1, 
p = 0.09, respectively; Figure 2). 

The main finding of this study is that quinidine and 
amiodarone do not significantly alter the BP response to 
rapid ventricular pacing. At almost all paced cycle 
lengths, systolic and mean BP were no different during 
therapy with quinidine and amiodarone than in the base- 
line state. Furthermore, the drug regimen did not have an 
independent effect on the BP response to pacing, and the 
slope and y-intercept of the linear relation between systol- 
ic and mean BP and heart rate were not altered by quini- 
dine and amiodarone therapy. These findings suggest 
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that the predominant mechanism by which quinidine and 
amiodarone influence BP response to ventricular tachy- 
cardia is by altering the rate of the tachycardia. 

There are several mechanisms by which quinidine and 
amiodarone may influence BP response to pacing. First, 
both amiodarone and quinidine have been shown to im- 
pair myocardial contractility in experimental models.’ 
Second, both agents may alter autonomic tone during 
ventricular tachycardia. Previous studies have demon- 
strated that recovery from the initial decrease in BP at the 
onset of ventricular tachycardia depends on both a-adre- 
nergic vasoconstriction and -adrenergic augmentation 
of contraction and relaxation. Amiodarone, a noncom- 
petitive 8 blocker, may therefore blunt the 6-adrenergic 
augmentation of contraction and relaxation and quini- 
dine may cause a-adrenergic blockade of both venous and 
arterial vascular beds.!? Third, both quinidine and amio- 
darone have been demonstrated to be direct vasodilators 
capable of reducing peripheral vascular tone.! '.!? 

Despite the presence of several mechanisms by which 
quinidine and amiodarone may influence hemodynamics, 
the results of this study demonstrate that quinidine and 
amiodarone do not have a major effect on the BP re- 
sponse to pacing. At nearly all paced cycle lengths there 
was no difference in BP during therapy with quinidine 
and amiodarone compared with the baseline state. Fur- 
thermore, the drug regimen did not have an independent 
effect on BP, and the overall linear relation between pac- 
ing rate and BP was not altered after quinidine and amio- 
darone therapy. These findings are consistent with the 
findings of previous clinical studies demonstrating that 
the hemodynamic effects of quinidine and amiodarone 
are slight and that these agents generally are well tolerat- 
ed clinically.!?.!4 

A limitation to this study is that the 3 electrophysiol- 
ogy tests that were performed in the baseline state and 
during quinidine and amiodarone therapy were per- 


FIGURE 2. Linear regressions of mean 
blood pressure on heart rate (pacing) by 
drug therapies. The predicted mean blood 
pressure is shown on the vertical axis and 
the ventricular pacing rate is shown on the 
horizontal axis. BPM - beats/min. 
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formed on separate days. Factors related to the duration 
of hospitalization, e.g., the degree of physical decondi- 
tioning or the patient’s emotional status, were not con- 
trolled and may have influenced BP response to pacing. A 
second limitation is that a complete evaluation of the 
patient’s hemodynamic status was not performed. Al- 
though no difference was found in the BP response to 
pacing, it is possible that the cardiac output or other 
hemodynamic variables may have been altered by the 
antiarrhythmic agents that were studied. A third limita- 
tion is that the BP was evaluated while patients were in 
the supine position. Quinidine or amiodarone may have 
affected the patient’s BP response to rapid ventricular 
pacing in the upright position. 

Potential adverse clinical effects of antiarrhythmic 
agents include proarrhythmia, and the exacerbation of 
congestive heart failure. Recently, several investigators 
have suggested that antiarrhythmic agents may also have 
an adverse clinical effect by aggravating the hemody- 
namic response to ventricular tachycardia! — namely, a 
patient with hemodynamically stable ventricular tachy- 
cardia in the absence of antiarrhythmic therapy may 
have hemodynamically unstable ventricular tachycardia 
during antiarrhythmic therapy. The results of this study 
suggest that this third type of adverse clinical effect is not 
a prominent factor for quinidine and amiodarone, and 
suggest that the effect of these antiarrhythmic agents on 
BP response to ventricular tachycardia results predomi- 
nantly from their effect on the ventricular tachycardia 
rate. 
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Regression of Left Ventricular Hypertrophy in Systemic Hypertension 
with Beta Blockers (Propranolol, Atenolol, Metoprolol, Pindolol and 


Celiprolol) 


Gregory P. Vyssoulis, MD, Eva A. Karpanou, MD, Christos E. Pitsavos, MD, 
Athanasios A. Paleologos, MD, and Pavlos K. Toutouzas, MD 


L^ ventricular (LV) hypertrophy is frequently associ- 
ated with systemic arterial hypertension and is a 
recognized, independent risk factor for coronary artery 
disease.!2 Reduction of LV hypertrophy is thus a desir- 
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able goal in the treatment of high blood pressure (BP), 
but not all antihypertensive drugs accomplish this.’ Beta- 
adrenergic blocking agents have not been shown to re- 
verse LV hypertrophy in patients with essential hyperten- 
sion, but few comparative and quantitative studies with 
different 8 blockers have been reported.’ This report con- 
cerns a study of the effects on echocardiographic LV 
hypertrophy indexes in 145 hypertensive patients treated 
with 5 different 6-blocking drugs. 


TABLE | Characteristics of Patients in Each Treatment Group 


Propranolol 


Age (year) 5129 
Patients (men/women) 23 (17/6) 
Duration of hypertension (year) 6-4 
Doses at end study (mg) 60 


Duration of treatment (weeks) 29 - 11 


Atenolol 


48 + 10 
21 (16/5) 
5+4 
100 
28 +11 





Metroprolol Pindolol Celiprolol 


51-11 51212 
18(11/7) 35(18/17) 
4+3 645 
100 15 
26+ 10 31° 12 


47 :€ 11 
48 (27/21) 
5+4 
200 
27 +10 
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Between 1986 and 1988, 200 patients (aged 35 to 70 
years) with uncomplicated, mild to moderate systemic 
hypertension were enrolled in an open-label, long-term, 
ongoing evaluation of 8-blocker monotherapy after writ- 
ten, informed consent was obtained. The methology of 
the study was published previously? All antihyperten- 
sive medications were discontinued for =1 month before 
enrollment in the placebo run-in period. To qualify for 
admission, an average of 3 readings of diastolic BP while 
patient was sitting was required to be within 96 to 115 
mm Hg at both weeks 3 and 4, and to vary by <4 mm Hg 
between the 2 visits. Patients were excluded if they had 
significant cardiovascular disease other than essential 
hypertension, or coronary or cerebrovascular event with- 
in the previous 6 months, history of adverse relation to B- 
adrenergic blocking agents, chronic obstructive pulmo- 
nary disease, allergic rhinitis, hepatic or renal dysfunc- 
tion, hemolytic disease or diabetes mellitus. Patients 
were randomized to 5 B blockers according to the day of 
the week active treatment was first initiated; propranolol 
(20 mg, 3 times daily) was prescribed on Mondays, aten- 
olol (100 mg/day) on Tuesdays, metoprolol (100 mg/ 
day) on Wednesdays, pindolol (5 mg, 3 times daily) on 
Thursdays, and celiprolol (200 mg/day) on Fridays. The 
number of patients given celiprolol was largest, because 
Friday is the most populous day in our center. 

Echocardiographic studies with an ATL Ultramark 
8 machine were performed at the end of the placebo 
period and between 6 and 9 months after commencing 
active treatment. Two-dimensional M-mode echocar- 
diograms were recorded by the same cardiologist, but 
read blindly in random order. LV measurements includ- 
ed end-diastolic dimension (EDD), ventricular septal 
(VS) and posterior wall (PW) thickness at end-diastole 
according to Deveraux et aló and LV volumes according 
to Teichholz et al.’ LV mass index was calculated after 
division by body surface area. LV cross-sectional area 
(CSA) was calculated as follows: CSA = x[EDD/2 + 
(VS + PW)/2]?-x[EDD/2]?. The ratios VS/PW, and LV 
mass to volume and relative wall thickness were also 
calculated. 

Results are presented as group means + 1 SD. 
Changes from placebo baseline in all parameters were 
assessed using Student’s paired 2-tailed t test. Percent 
change + 1 SD from baseline values for each parameter 
was calculated for all groups. Analysis of variance was 
used to test the null hypothesis that there was no differ- 
ence between treatment groups. 

Two hundred patients were enrolled in the trial, and 
145 achieved the target BP reduction (diastolic BP <90 
mm Hg). Of these patients, 23 received propranolol, 21 
atenolol, 18 metoprolol, 35 pindolol and 48 celiporolol. 
Patients in the 5 groups had a similar (p = not signifi- 
cant [NS]) age, sex ratio and duration of hypertension 
(Table I). 

Compared with baseline measurements on placebo, 
all 5 medications reduced both sitting systolic and dia- 
stolic BP (p <0.0001); there was no significant difference 
in the BP response between the 5 groups. Sitting heart 
rate was reduced with all 5 8-blocking drugs. The great- 
est reductions in heart rate were with propranolol, ateno- 
lol and metoprolol, and less with pindolol or celiprolol. 


69 + 8* 
10.7 + 1.0* 
10.1 +4." 
1.06 + 0.104 


439 c ie 
89 + 6* 
19.9 = 2.7* 
232 + 47* 
1.90 + 0.23* 
0.41 + 0.04* 


Celiprolol (n = 48) 


1.09 + 0.11 
21:355 3.1 

2.05 + 0.30 
0.43 + 0.05 


158 + 13 
11.4. X 1.3 
10.5 + 1.2 
252 + 53 


1.02 + 0.09t 


140 + 12* 
11.3 + 1.0* 
11.1 + 0.7* 
21.2 + 1.6* 
245 + 29* 
2.14 + 0.21* 
0.45 + 0.04* 


Pindolol (n = 35) 


11.9 € 1.2 
11.5 + 0.8 
1.04 + 0.11 
22.5 + 2.0 
2.29 + 0.24 
0.47 + 0.04 


163 + 16 
264 + 34 
147 + 17 


132 + 10* 
11.0 + 0.9* 
10.6 + 0.9 
1.05 + 0.11¢ 
ALLER 
251 + 51ł 
131 + 21t 
1.98 + 0.16* 
0.42 + 0.03* 


Metoprolol (n = 18) 


11.8+ 0.9 
10.7 + 1.3 
1.12 + 0.14 
29.3 3.277 
268 + 48 
140 + 23 
2.11 + 0.20 
0.44 + 0.03 


2.02 + 0.291 
0.42 + 0.051 


136 + 18* 
11.2 + 1.4t 
10.7 + O.8f 
1.05 - 0.11 
21.6 + 2.41 
259 + 43t 
133 + 221 


Atenolol (n = 21) 


161 + 19 
11,8. € 1.3 
11.0 + 1.0 
1.08 + 0.11 
22.7+2.3 
2.15 + 0.34 
0.44 + 0.06 


276 + 43 


254 + 40 
2.19 + 0.234 


1.04 + 0.08 
0.46 + 0.06* 


140 + 10* 
11.5 + 0.7 
21.7: 1.8 


11.1 + 0.7 


Propranolol (n = 23) 


11.7 + 0.7 
11.2 + 0.6 
1.05 + 0.08 
21.8 + 1.7 
138 + 15 
2.23 + 0.25 
0.47 + 0.06 


162 + 11 
253 + 39 
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Left ventricular relative wall thickness 
*p «0.0001; tp «0.01; tp «0.001. 


Intraventricular septal thickness (mm) 
Rx = treatment. 


Posterior wall thickness (mm) 
Left ventricular mass index (g/m2) 


Left ventricular cross-sectional area 
Left ventricular mass/volume 


Diastolic blood pressure (mm Hg) 
Heart rate (beats/min) 


Systolic blood pressure (mm Hg) 
Septal/posterior wall thickness 


Left ventricular mass (g) 
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TABLE Iii Percent Change of Echocardiographic Measurements After Treatment (76) 





Propranolol Atenolol 
Intraventricular septal thickness -1.1 + 3.0 —4.8 + 6.3 
Posterior wall thickness —0.8 + 2.1 —-2.7 € 3.2 
Septal/posterior wall thickness —0.3 + 4.2 —2.2 + 6.0 
Left ventricular cross-sectional area —0.3-2.1 —4.7 + 5.9 
Left ventricular mass 0.4 + 3.2 —5.9 + 6.5 
Left ventricular mass index 0.1 + 3.6 —6.2 + 8.5 
Left ventricular mass/volume —-2.1+2.1 —5.3 + 6.0 
Left ventricular relative wall thickness —2.0 + 1.7 —-3.5 x 5.2 


Metoprolol Pindolol Celiprolol Significance* 
—7.4 + 4.2 —5.3 + 3.6 -6.1 + 5.9 0.0005 
—0.7 + 4.5 -3.5+2.8 —3.6 + 4.7 0.002 
—6.7 + 5.8 -1.8 + 4.1 -2.5 + 5.0 0.001 
-5.2 + 5.3 —5,5 + 3.4 —6.1 + 5.5 0.00006 
—6.3 + 8.2 —6.9 + 4.9 -7.6 + 7.1 0.00002 
—6.6 + 8.5 —6.7 + 4.8 -7.6 + 6.9 0.0002 
—6.0 + 3.8 —6.4 + 4.0 —6.8 + 7.2 0.01 
—4.1+3.1 —4.3 + 3.4 —4.5 + 6.0 NS 


*Analysis of variance for difference among treatment groups. 
NS = not significant. 


Propranolol did not alter LV wall thickness and mass 
(Table II); LV dimensions were increased, resulting in 
moderate decreases in the mass/volume ratios. LV mass 
was significantly reduced by the other 4 8-blocking 
drugs; the reduction was greatest (Table III) with celi- 
prolol (p <0.0001). LV hypertrophy regression was due 
to thinning of the wall rather than reduction in the LV 
cavity. Thus, the LV mass/volume ratio was reduced, 
more with celiprolol than the other 4 drugs (p = 0.01). 
Asymmetrical septal thinning was most obvious with 
metoprolol and almost uniform with pindolol, whereas 
atenolol and celiprolol had intermediate actions. 

Age and treatment duration did not influence the 
degree of LV hypertrophy reduction in any group 
(p = NS). Changes in both systolic and diastolic BP 
were also not correlated to the magnitude of LV hyper- 
trophy reduction (p = NS), with the exception of LV 
CSA changes. These were related to changes in diastolic 
BP in the propranolol group (r = —0.4; p = 0.05), and 
changes in systolic BP in the atenolol group (r = 0.46; 
p = 0.04). 

In the present study, statistically significant reduction 
of LV hypertrophy was confined to treatment with ateno- 
lol, metoprolol, pindolol and celiprolol. The cause of such 
a different influence on LV hypertrophy between pro- 
pranolol and the other 4 8-blocking drugs is unclear. The 
5 groups were similar in regard to demography and de- 
gree of BP lowering achieved. The different ancillary 
pharmacologic properties of the 5 drugs used may have a 
role, but the mechanisms involved are obscure. In the 
past, LV hypertrophy regression was reported indepen- 
dent of or poorly correlated with the magnitude of BP 
control, with a wide range of antihypertensive drugs.*? 
This absence of correlation between reduction in BP and 
regression of LV hypertrophy was also seen in the present 
study. LV mass depends on both LV cavity size and wall 
thickness. Propranolol tends to increase LV dimensions, 
whereas selective 8 blockers with partial agonistic activity 


have a lesser effect and the addition of peripheral vasodi- 
lating properties!? nullifies this action, as seen by the 
differential effects of the 5 agents used in this study on 
LV relative wall thickness. 

Although the validity of the results of the present 
study is limited by its open design, the random allocation 
to treatment of patients, their matched baseline charac- 
teristics and the blind reading of the echocardiographs 
increases the probable significance of the findings. 

Many hypertensive patients achieve satisfactory con- 
trol of their BP with 8-blocking drugs. However, reduc- 
tion of BP alone is not sufficient to control the cardiovas- 
cular risks in the presence of LV hypertrophy. Therefore, 
it is important to confirm the differences in this latter 
regard between different 8-blocking drugs revealed in 
this open trial by further large-scale double-blind studies. 
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Prevalence of Atherothrombotic Brain Infarction, Coronary Artery 
Disease and Peripheral Arterial Disease in Elderly Blacks, Hispanics 


and Whites 


Wilbert S. Aronow, MD 


W: determined in a prospective study the prevalence 
of atherothrombotic brain infarction (ABI), coro- 
nary artery disease (CAD), and peripheral arterial dis- 
ease (PAD) in different races of elderly persons in a long- 
term health care facility. These data are presented for 
elderly blacks, Hispanics and whites. 

Of 1,654 persons aged =62 years in a nonprofit long- 
term health care facility, 268 (16%) were black, 71 (4%) 
were Hispanic, 1,310 (79%) were white and 5 (<1%) 
were Asian. The Hispanic population was from Puerto 
Rico and Central America. These persons represent the 
entire population aged =62 years of the long-term 
health care facility from November 1, 1984 through 
March 1, 1992. ABI was diagnosed by a neurologist if 
the patient had a history of documented sudden focal 
neurologic deficit lasting >24 hours in the absence of a 
known source of embolism, bloody cerebrospinal fluid, 
known hypercoagulable conditions, or other diseases 
causing focal brain deficits. The focal neurologic deficit 
conformed to the typical vascular distribution of an ABI 
as confirmed by a neurologist.! CAD was diagnosed if 
the patient had a documented clinical history of myocar- 
dial infarction or electrocardiographic evidence of Q- 
wave myocardial infarction (659 patients) or typical an- 
gina pectoris without prior myocardial infarction (21 
patients). All patients who had prior coronary artery 
bypass graft surgery or percutaneous transluminal coro- 
nary angioplasty had a history of myocardial infarction 
or angina pectoris. PAD was diagnosed if the patient had 
a documented history of surgery for PAD, or if the pa- 
tient had ischemic pain at rest, ulceration or gangrene in 
an extremity, intermittent claudication, numbness, cold- 
ness, cyanosis or pallor in an extremity, or trophic 
changes with dry, scaly and shiny atrophic skin, dimin- 
ished hair growth, thickened, brittle toenails, or subcuta- 
neous atrophy in an extremity associated with absent or 
weak arterial pulses palpated by :*2 physicians.? Chi- 
square analysis and Student's t test were used to analyze 
data comparing blacks with Hispanics, blacks with 
whites, and Hispanics with whites. 

Table I shows the prevalence of male and female sex 
and the mean ages in elderly blacks, Hispanics and 
whites. Table II shows the prevalence of ABI, CAD, 
PAD, and ABI, CAD or PAD in elderly blacks, Hispan- 
ics and whites, and levels of statistical significance. The 
mean age and percentage of men and women were not 
significantly different in elderly blacks, Hispanics and 
whites. There was a higher prevalence of ABI in blacks 
than in whites (p <0.001) and Hispanics (p <0.02). The 
prevalence of CAD was similar in blacks, Hispanics and 
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whites. The prevalence of PAD was higher in blacks than 
in whites (p <0.05). There was a higher prevalence of 
ABI, CAD or PAD in blacks than in whites (p «0.001) 
and Hispanics (p <0.001). 

CAD prevalence and mortality rates are similar in 
black and white men and higher in black than in white 
women.? In the Beta Blocker Heart Attack Trial, black 
patients had a higher percentage of variables associated 
with increased mortality and a higher mortality rate than 
whites plus other races.* Long-term survival of blacks 
with angiographically documented CAD is shorter in 
blacks than in whites.? Left ventricular hypertrophy and 
reduced diastolic function associated with hypertension 
contribute to this excess mortality.’ Left ventricular hy- 
pertrophy is probably the most important factor account- 
ing for the poor prognosis of blacks after myocardial 
infarction. We found that elderly blacks had a higher 
prevalence of systemic hypertension and of associated 
echocardiographic left ventricular hypertrophy than el- 
derly whites? and elderly Hispanics.’ 

Black men are 2.5 times as likely as white men to die 
of stroke. Black women are 2.4 times as likely as white 
women to die of stroke.® In Los Angeles County, mortali- 
ty rates from cardiovascular disease were highest for 
blacks, second highest for Hispanics, third highest for 
non-Hispanic whites, and lowest for Asian subgroups.? 
Stroke accounted for a greater percentage of the deaths 
from cardiovascular disease among blacks and Hispanics 
than among non-Hispanic whites and Asians.? 


TABLE I Prevalence of Male and Female Sex and Mean Ages in 
Elderly Blacks, Hispanics and Whites 


Blacks 
(n = 268) 


Whites p 
(n = 1,310) Value 


Hispanics 
(n = 71) 


403 (31%) NS 

907 (69%) NS 
82 +8 NS 

(62—101) 


Men 

Women 

Mean age 
(years) 


77 (29%) 
191 (71%) 
8l +9 
(62—103) 


NS = not significant 


25 (35%) 
46 (65%) 
81+8 
(62—98) 





TABLE Il Prevalence of Atherothrombotic Brain Infarction, 
Coronary Artery Disease, and Peripheral Arterial Disease in 
Elderly Blacks, Hispanics and Whites 


Whites 
(n = 1,310) 


Blacks 
(n = 268) 


Hispanics 


p 
(n271) Value 


« 0.001 B with W 
«0.02 B with H 
532 (41%) NS 

307 (23%) «0.05 Bwith W 
784 (60%) «0.001 B with H 
« 0.001 B with W 


ABI 126 (47%) 22(31%) 289 (22%) 

CAD 

PAD 79 (29%) 17 (24%) 

ABI, CAD 206(77%) 39 (55%) 
or PAD 


124 (46%) 24 (34%) 


ABI = atherothrombotic brain infarction; B = black; CAD = coronary artery disease; 


H = Hispanic; PAD = peripheral arterial disease; NS = not significant; W = white. 
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The present study demonstrated a similar incidence of 
CAD in elderly blacks, Hispanics and whites. The preva- 
lence of PAD was similar for elderly blacks and Hispan- 
ics and was slightly higher in elderly blacks (29%) than in 
elderly whites (23%). However, the prevalence of ABI 
and of ABI, CAD or PAD was higher in elderly blacks 
than in elderly Hispanics or whites. A possible limitation 
of this study was the small sample size of Hispanics. 
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Age at Onset and Gender of Patients with Different Types of 


Supraventricular Tachycardias 


Luz-Maria Rodriguez, MD, Christian de Chillou, MD, Jürg Schlapfer, MD, Jacques Metzger, MD, 
Xie Baiyan, MD, Adri vandenDool, BS, Joep L.R.M. Smeets, MD, and Hein J. J. Wellens, MD 


ex differences between certain types of arrhythmias 

have been reported. For example the Wolff-Parkin- 
son-White syndrome is more frequent in male than fe- 
male subjects.! Atrioventricular (AV) nodal tachycardia 
has been found to occur more frequently in female sub- 
jects.? Little is known about the age at onset of different 
types of supraventricular tachycardias. 

The purpose of this study was twofold: (1) to obtain 
insight into a possible relation between gender of patient 
and type of supraventricular tachycardia, and (2) to look 
for possible differences in age at the time of the first 
arrhythmic event in relation to the type of arrhythmia. 
The following 3 groups of patients were studied: those 
with atrial tachycardia, AV nodal tachycardia and tachy- 
cardias in the presence of an accessory AV pathway. 

After an invasive electrophysiologic study,’ 623 con- 
secutive patients were selected because they had atrial 
tachycardia, AV nodal tachycardia or tachycardias in 
the presence of an accessory AV connection. After giving 
informed consent, patients were studied from January 
1979 to August 1991 for evaluation and treatment of 
their arrhythmia. Four hundred and nine patients (66%) 
were found to have an accessory AV pathway. One hun- 
dred and sixty-five patients (26%) had AV nodal tachy- 
cardia, and 49 (1296) had atrial tachycardia. All pa- 
tients were carefully questioned as to their age at the 
time of their first tachycardia. Mean age at the time of 
electrophysiologic study was as follows: accessory path- 
ways, 34 + 14 years (range 6 to 65); AV nodal tachycar- 
dia, 42 + 20 (7 to 7 1); and atrial tachycardia, 35 + 19 (2 
to 73). Anterogradely conducting accessory pathways 
(Wolff-Parkinson-White syndrome) were present in 317 
of 409 patients (77%). The remaining 92 patients (23%) 
had an accessory pathway only conducting in the ventric- 
uloatrial direction ("concealed" accessory pathway). 
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Sixteen of these patients had a concealed accessory 
pathway of the slow-conducting type.4 Three hundred 
and eighty-nine of 409 patients (95%) had 1 and 20 
patients (5%) » 1 accessory pathway. Eight patients were 
found to have a left bundle branch block Mahaim-type 
tachycardia during electrophysiologic study. The AV 
nodal tachycardia was of the common (slow-fast) type in 
160 patients (97%) and the uncommon (fast-slow) type 
in 5 (3%). Atrial tachycardia was present in 49 patients. 
The arrhythmia was paroxysmal in 30 patients (61%) 
and incessant in the remaining 19 (39%). Of 409 pa- 
tients with accessory pathways, 180 had electrocardio- 
graphic documentation of their arrhythmia before the 
electrophysiologic study. One hundred and thirty pa- 
tients had orthodromic circus movement tachycardia 
and 66 atrial fibrillation with only or predominantly 
preexcited QRS complexes. Twelve patients were resus- 
citated from ventricular fibrillation (3%). These findings 
indicate that some patients with an accessory pathway 
had electrocardiographic documentation of >1 type of 
arrhythmia. 

Continuous variables are expressed as mean + SD. 
Groups of patients were compared using the analysis of 
variance test. Statistical significance was assumed for p 
values <0.05. Odds ratio was used to calculate the sex 
distribution in arrhythmic groups. 

Arrhythmias in patients with accessory pathways 
were more often observed in male than female subjects 
(273 [67%] vs 136 [33%]; sex ratio male/female 2). In 






TABLE | Gender of Patients with Supraventricular 
Tachycardias 









Sex Ratio 
(M/F) 


Type of 


Arrhythmia Male Female 











Accessory pathways 
AV nodal tachycardia 52 113 0.46 
Atrial tachycardia 23 26 0.88 


AV = atrioventricular. 
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TABLE Il Gender of Patients in Relation to Different Types of 
Supraventricular Tachycardias 


Gender 


Type of Arrhythmia Male Female 


Atrial tachycardia 
Paroxysmal 
Incessant 
AV nodal tachycardia 
Common type 
Uncommon type 
Accessory pathways 
Overt 
Concealed 
Slow 
Fast 
Circus movement tachycardia 
Atrial fibrillation 
Ventricular fibrillation 
LBBB Mahaim-type tachycardia 


“a Sy V »p TUE z 


contrast, AV nodal tachycardias were approximately 
twice as frequent in female subjects (113 [6896] vs 52 
[3296]); sex ratio male/female 0.46). Atrial tachycardias 
occurred in similar proportions in male (23 [47%]) and 
female (26 [53%]) subjects. 

Two hundred and eight spontaneous tachycardias 
were electrocardiographically documented in 180 pa- 
tients (123 male and 57 female) with accessory pathways 
(1.16/patient). Orthodromic circus movement tachycar- 
dia occurred relatively more often in female (n = 49) 
than in male (n = 81) patients (odds ratio male/female 
1.31; p <0.001). Furthermore, atrial and ventricular fi- 
brillation occurred more often in male than female pa- 
tients (atrial fibrillation: 51 male and 15 female, odds 
ratio male/female 1.58, p = 0.06; and ventricular fibril- 
lation: 11 male and 1 female, odds ratio 5.06). Both 
differences did not reach statistical significance. In 3 of 
12 patients with ventricular fibrillation, that arrhythmia 
was the first arrhythmic event (Tables I and II). 

Arrhythmias in patients with accessory AV pathways 
tend to occur at a younger age than do atrial and AV 


TABLE Ill Age at Onset of First Arrhythmic Event in Documented Supraventricular 


Tachycardias 


Type of Tachycardia 0-9 10-19 20-29 


Accessory pathway 
CMT 
AF 
VF 


Age at Onset (year) 


30-39 40-49 50-59 60-69 Total 


AF = atrial fibrillation; AVN = atrioventricular nodal; CMT = circus movement tachycardia; VF = ventricular fibrillation. 





AGE AT ONSET OF FIRST ARRHYTHMIC EVENT 
IN SUPRAVENTRICULAR TACHYCARDIAS 
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FIGURE 1. Age at onset of 
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AGE AT ONSET OF FIRST ARRHYTHMIC EVENT 
IN ACCESSORY PATHWAYS PATIENTS 


FIGURE 2. Age at onset of 


nodal tachycardia (Table III and Figure 1). The first 
episode of a regular supraventricular tachycardia may 
occur after middle age, although this is infrequent in 
patients with accessory pathways. 

Half of the patients with accessory pathways had 
their first tachycardia at <20 years of age. Whereas 
circus movement tachycardia can occur for the first time 
at a relatively advanced age, atrial and ventricular fibril- 
lation occur relatively early in patients with an AV ac- 
cessory pathway (Figure 2). 

In this study, we observed that the first arrhythmic 
event occurred at a younger age in patients with accessory 
pathways (overt and concealed) than in those with AV 
nodal or atrial tachycardia. Half of the patients with 
accessory pathways had their first arrhythmic episode at 
<20 years of age. We also observed that AV nodal tachy- 
cardia occurs more often in female patients, whereas 
arrhythmias using accessory pathways were more often 
seen in males. Although patients symptomatic because of 
an accessory pathway were more frequently male, a cir- 
cus movement tachycardia occurred relatively more often 
in females than males. In contrast, atrial and ventricular 
fibrillation were found 2 and 5 times more often, respec- 
tively, in male than female patients. Our observations 





were obtained in patients referred to our institution for 
electrophysiologic study and treatment of tachycardia; 
therefore, they may not reflect the natural history of 
supraventricular tachycardia in the whole (in- and out-of- 
hospital) population. However, the last finding was also 
reported by Torner et al. 


1. Wellens HJJ. The electrophysiologic properties of the accessory pathway in the 
Wolff-Parkinson- White syndrome. In: Wellens HJJ, Lie KI, Janse MJ, eds. The 
Conduction System of the Heart. Leiden, the Netherlands: HE Stenfert Kroese 
B.V., 1976:567-588. 

2. Wellens HJJ, Bär FW, Farre J, Wiener J, Ross DL, Gorgels AP, Vanagt EJ, 
Brugada P. Diagnosis and incidence of concealed accessory pathways in patients 
suffering from paroxysmal AV junctional tachycardias. Rev Lat Cardiol 1980;1: 
60-67. 

3. Ross D, Farré J, Wellens HJJ. Comprehensive electrophysiologic studies in the 
investigation of documented or suspected tachyarrhythmias. Time, staff, problems 
and costs. Circulation 1980;61:1010-1016. 

4. Wellens HJJ, Brugada P. Mechanisms of supraventricular tachycardias. Am J 
Cardiol 1988;62:10-15. 

5. Tchou P, Lehmann MH, Jazayeri M, Akthar M. Atriofascicular connection or 
a nodoventricular Mahaim fiber? Electrophysiologic elucidation of the pathway 
and associated reentrant circuit. Circulation 1988;4:837-848. 

6. Torner Montoya P, Brugada P, Smeets J, Talajic M, Della Bella P, Lezaun R; 
Vd Dool A, Wellens HJJ, Bayés de Luna A, Oter R, Breithardt G, Borggrefe M, 
Klein H, Kuck KH, Kunze H, Coumel Ph, Leclercq JF, Chouty F, Frank R, 
Fontaine G. Ventricular fibrillation in the Wolff-Parkinson-White syndrome. Eur 
Heart J 1991;12:144-150. 


BRIEF REPORTS 1215 


ans Wess a cya" 
"e d. 4 ees w 


Effect of Mitral Valve Repair for Mitral Valve Prolapse on Regression 


of Left Ventricular Mass 


Marc D. Tischler, MD, Kyle A. Cooper, MD, Robert W. Battle, MD, 


and Bruce J. Leavitt, MD 


M: regurgitation (MR) represents a condition of 
chronic volume overload in which the left ventricle 
develops eccentric hypertrophy to accommodate a signifi- 
cantly increased end-diastolic left ventricular (LV) vol- 
ume without significant increases in filling pressures or 
diastolic sarcomere length.!? LV mass is significantly 
greater in patients with MR than in normal subjects? In 
patients with chronic MR and moderate LV dilatation, 
there is regression of LV hypertrophy when the mitral 
valve is replaced.! Interpretation of changes in LV vol- 
umes and mass after valve replacement may be confound- 
ed by alterations in wall stress specifically related to dis- 
ruption of the mitral apparatus and because all prosthetic 
valves are at least minimally obstructive. Compared with 
replacement, mitral valve repair may result in better pres- 
ervation of LV function by retaining the tethering effect 
of the chordal apparatus and moderating the increase in 
systolic wall stress that occurs after relief of MR.?^ The 
present quantitative echocardiographic investigation ex- 
amines the effect of mitral valve repair on LV mass and 
volume in patients with severe, isolated MR. 

Between March 1989 and September 1991,68 patients 
underwent mitral valve repair for isolated MR secon- 
dary to mitral valve prolapse. No patient had mitral 
stenosis, or aortic valvular or coronary artery disease. 

All repairs were performed by median sternotomy 
and included a combination of Carpentier techniques 
deemed necessary at the time of operation, as well as a 
rigid Carpentier annuloplasty ring. 

Echocardiographic examinations were performed 2.0 
+ 1.2 months (range 1 to 3) before surgery. Follow-up 
examinations were performed 10.0 + 3.4 months (range 
4 to 14) after surgery. Echocardiographic examinations 
were performed in the left lateral decubitus position 
using an Acuson phased-array ultrasonoscope device 
(Acuson XP-5) with a 2.5 MHz transducer. Parasternal 
short- and long-axis, and apical 2- and 4-chamber im- 
ages were recorded. 

All echocardiograms were analyzed in random se- 
quence by 1 investigator unaware of the severity of post- 
operative MR and all other clinical information, using a 
Microsonics Image-Vue Workstation (Nova Microson- 
ics Inc., Mahwah, New Jersey). Three to 5 cardiac cycles 
were digitized at end-systole (time of smallest cavity 
area) and end-diastole (R-wave peak). LV mass, end- 
systolic, end-diastolic and stroke volumes, and ejection 
fraction were calculated as previously described.>-’ 
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All data are presented as mean + 1 SD. Comparisons 
between patients before and after mitral valve repair 
were performed with the paired Student's t test (2- 
tailed). Differences were considered significant if the 
null hypothesis could be rejected at the 0.05 probability 
level. 

All 8 patients (4 women and 4 men, mean age 55+ 18 
years, range 31 to 78) had severe MR. Three patients 
were in New York Heart Association functional class IV, 
4 in class III, and 1 in class I at the time of surgery. 

Before surgery, all 8 patients had Doppler and color 
Doppler evidence of severe (4+/4+) MR. At the time of 
the follow-up transthoracic examination, 2 patients had 
no detectable MR, 5 had trace (1+/4+) MR, and 1 had 
mild to moderate (2+/4+) MR. 

Individual responses to mitral valve repair are pre- 
sented in Table I. For the entire cohort, LV end-diastolic 
volume index decreased from 92 + 17 to71 + 11 ml/m? 
(p = 0.01), whereas end-systolic volume index was not 
changed (33 + 15 vs 32 + 13 ml/m?; p = 0.90). LV 
ejection fraction decreased, but not significantly (64 + 
15% to 55 16%; p = 0.28). LV mass index decreased 
from 161 + 30 to 132 x 21 g/m? (p = 0.04). 

In this study, 8 patients were examined before and 
after mitral valve repair for isolated MR to test the hy- 
pothesis that relief of significant volume overload would 
lead to a reduction in LV mass and that this reduction 
would occur despite removal of the low-impedance ejec- 
tion pathway to the left atrium. The results indicate that 
successful mitral valve repair is followed by a significant 
reduction in LV mass, which is accompanied by reduc- 
tions in both LV end-diastolic and stroke volumes. 

It was recently demonstrated that LV mass increases 
in association with small increases in LV volume after 
balloon mitral valvuloplasty.5 Thus, it appears reasonable 
that correction of volume overload would lead to a reduc- 


TABLE I Left Ventricular (LV) Volume and Mass Indexes 
Before and After Mitral Valve Repair 


LV LV 

End-Systolic LV 

Mass Index 
(g/m?) 


End-Diastolic 
Volume Index 
(ml/m?) 


Volume Index 
(ml/m?) 


Pt. Before After Before After Before After 
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tion in LV mass. In MR, however, the increased diastolic 
load is at least partially offset by reduced systolic load as 
the ventricle ejects into the low-pressure left atrium, en- 
abling LV systolic pressure to decrease more rapidly for 
any given preload.’ Elimination of this low-resistance 
outlet by either mitral valve repair or replacement would 
be expected to lead to increases in afterload, which may in 
turn lead to increases in LV end-systolic volume and wall 
stress.?:!° In valve replacement, this complexity is further 
compounded by disruption of the mitral valve apparatus 
and the obstructive properties of prosthetic valves. Other 
investigators using multigated blood pool imaging’! and 
M-mode echocardiographic techniques! found that end- 
systolic volume did not change appreciably after mitral 
valve replacement for MR. This absence of change in 
end-systolic volume may result from removal of the low- 
resistance pathway being balanced by a reduction in af- 
terload due to reduced chamber size.!? Lessana et al^ 
studied 26 patients angiographically (14 with isolated 
MR, and 12 with mixed stenosis and regurgitation) be- 
fore and after mitral valve repair for MR and found 
significant reductions in LV end-systolic volume index 
after surgery. Similar results have been reported by Bon- 
chek et al.? Thus, mitral valve repair may result in lower 
end-systolic wall stress than does valve replacement, per- 
haps because of better preservation of LV function.?? 

In the present investigation, mitral valve reconstruc- 
tion for MR led to a significant reduction in LV end- 
diastolic volume accompanied by a significant reduction 
in LV mass. The data indicate that correction of MR 
leads to important regression of hypertrophy in patients 
undergoing mitral valve repair and suggest that the re- 
duction in end-diastolic volume more than compensates 
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for removal of the low-pressure ejection pathway into the 
left atrium as a determinant of LV mass. 
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Activation of the Coagulation System in Women with Mitral Stenosis 


and Sinus Rhythm 
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Eberhard Mammen, MD, Micheal Lesch, MD, and Sidney Goldstein, MD 


S embolism is a frequent complication in mi- 
tral stenosis (MS).! Its incidence increases with age 
and the presence of atrial fibrillation.^? Although pa- 
tients with MS and sinus rhythm can also develop system- 
ic emboli, the frequency of this event is lower in these 
patients than in those with atrial fibrillation.! Patients 
with MS and atrial fibrillation are considered at high risk 
of systemic embolism and require anticoagulant thera- 
py.^ Because patients with MS and sinus rhythm are 
considered at low risk for systemic embolism, anticoagu- 
lant therapy is not routinely recommended.^ It is desir- 
able to identify patients with MS in sinus rhythm who are 
at high risk for systemic embolism. There are no reliable 
clinical or laboratory parameters available to stratify this 
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risk. Recently developed assays are capable of detecting 
peptides released during activation of the coagulation 
cascade and thrombogenesis.^ Measurement of these 
markers may be used to identify patients at risk for 
thromboembolism. This study was performed to test the 
hypothesis that there is activation of coagulation in pa- 
tients with MS and sinus rhythm. Fibrinolytic activity 
was assayed by measuring D-dimers that are generated 
from plasmic degradation of cross-linked fibrin.? Throm- 
bin activation was assayed by measuring thrombin- 
antithrombin III complexes. 

Patients with MS included 9 women (mean age 52 + 
9 years). Clinical diagnoses of MS was confirmed by 2- 
dimensional echocardiographic and Doppler studies. 
The mean mitral valve area for the study group was 
reduced to 1.9 + 0.6 cm? (Table I). These patients did 
not have a history of systemic emboli. No patient was 
receiving antiplatelet or anticoagulant agents. Criteria 
for exclusion from the study were mild mitral regurgita- 
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TABLE I Clinical Findings and Results of Echocardiography 
and Coagulation Markers in Nine Women with Mitral Stenosis 
and Sinus Rhythm 


Coagulation Markers 


Echocardiography 


TAT 
(g/L) 


D-Dimer 
(ng/ml) 


O OND Of WDM Fe 


LA = left atrium; MVA = mitral valve area; TAT = thrombin-antithrombin III 
complexes. 





tion, aortic stenosis, aortic regurgitation, history of sys- 
temic embolus, diabetes mellitus and renal or hepatic 
insufficiency. The control group consisted of 15 normal 
volunteers (9 men and 6 women, mean age 55 + 9 years) 
who were patients determined by their physician to have 
no known disease. Control patients had not taken any 
medications in the preceding 2 weeks. 

Blood samples were obtained with precautions to 
minimize any potential for activation of clotting during 
blood sampling. Nine ml of whole blood was drawn into 
a plastic tube containing 3.8% sodium citrate solution 
which was immediately placed in ice. Blood specimens 
were centrifuged within 30 minutes at 4°C at 2,000 g for 
30 minutes. After centrifugation, plasma samples were 
aliquoted in 1 ml quantities and frozen at —70°C for 
batch analysis. Both D-dimers (American Products, 
Parsipanny, New Jersey) and thrombin-antithrombin III 
complexes (Behringe Werke, Marburg, Germany) were 
measured using enzyme-linked immunoassay meth- 
ods.>. 


D-Dimer ( ng / ml ) 


® 


MITRAL 
STENOSIS 


NORMAL 
CONTROLS 


FIGURE 1. Plasma D-dimer levels in patients with mitral ste- 
nosis and in normal control subjects. 
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M -mode, 2-dimensional and Doppler echocardiogra- 
phy were performed with a Hewlett-Packard model 
77020A ultrasound imaging (Andover, Massachusetts) 
system and a 2.5 MHz phased-array transducer. Left 
atrial diameter was measured by M-mode echocardiog- 
raphy. The mean mitral gradient and mitral valve area 
were measured from an on-line Doppler measurement 
package. 

Differences between normal control subjects and 
those with MS were analyzed with an unpaired t test for 
plasma D-dimer levels and all echocardiographic find- 
ings. For thrombin-antithrombin III results, the Wil- 
coxon test was used to analyze the significant variable of 
this. The relation between the activation of the coagula- 
tion system and the echocardiographic and Doppler 
findings was assessed by regression analysis. 

Plasma D-dimer levels were increased in patients 
with MS when compared with control subjects (331 + 
170 vs 178 81 nm/ml, p <0.05). Increased plasma D- 
dimer levels (defined as 2 standard deviations above the 
mean value for control subjects) were detected in 54% of 
patients (5 of 9) with MS (Figure 1). 

Plasma thrombin-antithrombin III complexes were 
increased in patients with MS when compared with con- 
trol subjects, but this difference did not attain statistical 
significance (8.4 + 11.0 vs 2.3 + 0.5 ug/liter, p = not 
significant). Increased plasma thrombin-antithrombin 
III complexes (defined as 2 standard deviations above 
the mean value for control subjects) were detected in 
44% of patients (4 of 9) with MS (Figure 2). Our find- 
ings support the hypothesis that some patients with MS 
and sinus rhythm have activation of coagulation as mea- 
sured by elevated plasma levels of D-dimers and throm- 
bin-antithrombin III complexes. 

Echocardiographically visualized intracardiac 
thrombi were not identified in any patient. The mitral 
valve area was decreased and the mean gradient across 
the mitral valve was increased 6.6 + 2.9 mm Hg in 
patients with MS. D-dimer or thrombin-antithrombin 
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MITRAL 
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FIGURE 2. Plasma thrombin-antithrombin Ill complexes 
(TAT) in patients with mitral stenosis and in normal control 
subjects. 
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III complexes or left atrial size (r = 0.16, D-dimer; 


r = 0.5 thrombin-antithrombin III complexes). 

There are no prospective randomized trials that have 
tested the efficacy of anticoagulant therapy in the pri- 
mary prevention of systemic embolism in MS. Empiric 
anticoagulant therapy is recommended for patients with 
MS and atrial fibrillation, sinus rhythm with a large left 
atrium by echocardiography, older age and heart failure, 
and for patients with a history of systemic embolism.* An 
approach to optimize the risk benefit ratio of using pro- 
phylactic anticoagulant therapy in these patients is desir- 
able. Transthoracic 2-dimensional echocardiography is 
routinely used but largely ineffective in detecting throm- 
bus in these patients. Recently, transesophageal echocar- 
diography has been shown to be superior in detecting 
atrial thrombi, thrombi in the atrial appendage and spon- 
taneous echo contrast representing low flow states.^* A 
high prevalence of spontaneous echo contrast in the left 
atrium was detected in patients with MS and atrial fibril- 
lation (64%) and MS and sinus rhythm (44%).’ Further- 
more, 48% of patients with spontaneous echo contrast 
exhibited atrial thrombi or had a history of systemic 
emboli, or both. 

A more direct approach to stratify patients at risk for 
thromboembolism could use markers of activation of the 
coagulation system. Findings from our study indicate 
that some patients with MS and sinus rhythm have acti- 
vation of the coagulation system. A shortened platelet 
survival time has been documented in patients with mitral 
valve disease with a history of thromboembolism when 
compared with those without embolic events.? Yasaka et 
al!? correlated plasma D-dimer levels in patients with MS 
with both sinus rhythm and atrial fibrillation to the pres- 
ence of intracardiac thrombi detected by transthoracic 2- 
dimensional echocardiography in patients with MS not 
receiving anticoagulant therapy. High D-dimer levels dis- 
criminated patients with a mobile left atrial thrombus 
from those with a nonmobile thrombus or no thrombus. 


Our findings confirm elevation of D-dimer levels in pa- 
tients with MS even in the absence of echocardiograph- 
ically visualized thrombi. It is therefore unclear whether 
elevated levels represent active clotting or reflect a hyper- 
coagulable state from stasis of blood in the left atrium. 
Since transesophageal echocardiography was not used in 
the study, some patients may have had atrial thrombi that 
were not detected by transthoracic echocardiography.^* 
The sample size of our study was small and these data 
represent important initial observations that need to be 
reproduced in a larger patient population. Furthermore, 
the predictive value of these tests in identifying a high- 
risk group likely to develop embolic episodes needs to be 
defined in long-term follow-up studies. 

In summary, this study suggests that patients with 
MS and normal sinus rhythm have activation of the coag- 
ulation system. 
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Prevalence of Bilateral Patent Ductus Arteriosus in Patients with 
Pulmonic Valve Atresia and Asplenia Syndrome 


Roberto Formigari, MD, Ugo Vairo, MD, Andrea de Zorzi, MD, 


Giuseppe Santoro, MD, and Bruno Marino, MD 


I: patients with congenital pulmonic valve atresia the 
bilateral patent ductus arteriosus is one of the rarest 
patterns of blood supply to the lungs.!? Freedom et al^ 
described 15 cases of bilateral patent ductus arteriosus in 
patients with pulmonic valve atresia: in 9 cases there was 
a pulmonic valve atresia with ventricular septal defect, in 
] a pulmonic valve atresia in a setting of "complex con- 
genital heart disease with situs solitus" and in 5 patients 
the pulmonic valve atresia was associated with atrial 
isomerism. A further case was recently reported in associ- 
ation with pulmonic valve atresia and intact ventricular 
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septum,? but there are no published reports of a systemat- 
ic study of the association of bilateral patent ductus arter- 
iosus with various forms of pulmonic valve atresia. 

To assess the prevalence of bilateral patent ductus 
arteriosus in the various types of congenital heart defects 
featuring pulmonic valve atresia, we retrospectively ana- 
lyzed the angiograms of 246 consecutive patients with 
pulmonic valve atresia studied in our hospital during the 
period 1982 to 1992. The visceroatrial situs and intra- 
cardiac anatomy were detected by 2-dimensional echo- 
cardiography. The age ranged from 1 day to 18 years. 
Each patient had a right or left ventricular angiocardio- 
gram, or both, to confirm the diagnosis of pulmonic 
valve atresia and the intracardiac anatomy. Each patient 
also had an ascending aortogram or a balloon occlusion 
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TABLE I Patterns of Pulmonary Blood Supply in Various Types 
of Pulmonary Atresia 










Single Bilateral 







No. Ductus Major Ductus 
of Arteriosus Collateral Arteriosus 
Pts. (%) Arteries (%) (%) 












Intact ventricular sep- 63 


tum 


63 (100) 0 0 







Ventricular septal defect 117 45 (38) 70 (60) 2 (2) 
TGA or corrected TGA 22 21(95) 0 1 (5) 
Asplenia syndrome 28 19 (68) 2 (7) 7 (25) 
Tricuspid atresia or sin- 16 16(100) 0 0 






gle ventricle 










Total 246 164 (67) 72 (29) 10 (4) 





aortogram, or both, in order to demonstrate the blood 
supply to the lungs and the structure of the pulmonary 
arteries. Good radiologic display of the native blood 
supply and the pulmonary arteries was essential for in- 
clusion in this study. The patients were classified into 5 
groups (Table I): pulmonic valve atresia with intact ven- 
tricular septum and situs solitus of the atria (63 cases), 
pulmonic valve atresia with ventricular septal defect and 
normally related ventricles and great arteries with situs 
solitus (117 cases), pulmonic valve atresia with asplenia 
syndrome (28 cases), pulmonic valve atresia with com- 
plete transposition or corrected transposition of the great 
arteries with situs solitus (aorta from right ventricle with 
atrioventricular concordance or discordance) (22 cases), 
and pulmonic valve atresia with tricuspid atresia or sin- 
gle ventricle with situs solitus (16 cases). At angiogra- 
phy 10 patients with bilateral patent ductus arteriosus 
were detected (4%) (Table I): 7 in the group with asple- 
nia syndrome (25%), 2 in the group with pulmonic valve 
atresia with ventricular septal defect (2%), and 1 in the 
group with complete transposition (596). None of these 
patients showed systemic to pulmonary collateral arter- 
ies. Statistical analysis performed using the contingency 
tables method revealed a significant prevalence of bi- 


lateral patent ductus arteriosus in the group of patients 
with pulmonic valve atresia and asplenia syndrome (p 
<0.001) compared with the group of patients with pul- 
monic valve atresia and solitus arrangement of the atria. 
Among the 7 patients with asplenia syndrome, pulmon- 
ic valve atresia and bilateral patent ductus arteriosus, 
4 showed confluent and 3 nonconfluent pulmonary arter- 
ies. The pulmonary arteries were nonconfluent in the 
other 3 patients with pulmonic valve atresia and bilat- 
eral patent ductus arteriosus. 

The cause for such a previously unreported associa- 
tion between asplenia syndrome and bilateral patent duc- 
tus arteriosus is unknown, but the very early embryogene- 
sis of the 2 malformations may be a possible explana- 
tion. Knowledge of the patterns of pulmonary blood 
supply in various types of pulmonic valve atresia!-? is 
important in order to understand the embryology of the 
malformation, and to anticipate the possible diagnosis 
and plan an adequate surgical treatment of this difficult 
condition. 


Acknowledgment: We are very grateful to Dr. Free- 
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CASE REPORTS 


Localized Left Ventricular Aneurysms with 
Normal Global Function Caused by 


Myocarditis 


Andrea Frustaci, MD, and Attilio Maseri, MD 


Li ventricular (LV) aneurysms 
usually result from coronary ar- 
tery disease but may also occur in 
congenital,! traumatic? or infective 
heart diseases. LV aneurysms of in- 
fective origin are most often caused 
by Chagas’s disease* and infective 
endocarditis. Regional wall motion 
abnormalities have been occasionally 
observed during viral myocarditis.’ 
More recently Goudevenous et al® 
reported a case of LV aneurysm dur- 
ing Coxsackie B4 virus infection but 
without histologic evidence of myo- 
carditis. This study reports 2 cases of 
severe lymphocytic myocarditis pre- 
senting with ventricular tachycardia 
and LV aneurysm. 

PATIENT 1: A 16-year-old boy 
was admitted because of nonsus- 
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tained ventricular tachycardia (Fig- 
ure 1). Three months before admis- 
sion, the patient had had an upper 
respiratory tract infection with mild 
fever that lasted 3 days, but he soon 
resumed his usual active lifestyle, 


which included intense physical ex- 
ercise. Two weeks before admission 
he began to notice unpleasant palpi- 
tations. On admission physical ex- 
amination was normal: no precor- 
dial murmurs or abnormal heart 
sounds were heard. Blood pressure 
was 120/80 mm Hg. Routine labora- 
tory tests (hematologic, biochemical 
and urinalysis) and chest x-ray were 
within normal limits. A 2-dimen- 
sional echo-Doppler study showed a 
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FIGURE 2. Patient 1: Se- 
lected diastolic (top) and 
systolic (bottom) frames 
from the left ventricular 
angiogram showing a 2 
cm apical aneurysm (ar- 
rows) in right anterior 
oblique (left) and left an- 
terior oblique (right) pro- 
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SOFT 


small apical aneurysm with pre- 
served global LV function (ejection 
fraction 0.65). Cardiac catheteriza- 
tion showed normal pulmonary 


pressure and LV end-diastolic pres- 
sure of 10 mm Hg. Biplane LV angi- 
ography confirmed the presence of 
an apical aneurysm 2 cm in diameter 





FIGURE 3. Patient 1: Microphotograph of 1 of the biopsy samples nearest to the 
Interstitial lymphocytic 


site of the left ventricular 


infiltrates are shown 


aneurysm. 
with obvious necrosis of adjacent myocytes. (Hematoxylin-eosin X250, reduced 


30%.) 
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FIGURE 4. Patient 2: 12-lead electrocardiogram showing sustained ventricular 


tachycardia. 
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(Figure 2). Coronary angiography 
showed normal epicardial coronary 
arteries. Five specimens were ob- 
tained for histologic examination 
from the septum, LV free wall and 
the apical region surrounding the 
aneurysm. The latter showed the 
presence of interstitial inflammatory 
infiltrates, mainly represented by 
lymphocytes, plasma cells and mac- 
rophages, associated with necrosis of 
adjacent myocytes and areas of fi- 
brous replacement. These features 
were compatible with an active myo- 
carditis and were more prominent 
and severe in samples taken from the 
area closest to the aneurysm (Figure 
3). Viral serology (including virus- 
neutralizing antibody to echovirus, 
Coxsackie B virus, adenovirus, cyto- 
megalovirus, mumps, influenza A- 
B, parainfluenza 1-3, and infectious 
mononucleosis) was negative. Sota- 
lol administration (80 mg 3 times a 
day) was followed by rapid and 
complete disappearance of ventricu- 
lar arrhythmias. Because there was 
histologic evidence of active myocar- 
ditis, the patient was also treated 
with prednisone (75 mg/day for 4 
weeks, thereafter 25 mg/day for 4 
months). He was discharged 2 weeks 
after admission and remained symp- 
tom-free for the next 5 months, at 
which time repeat cardiac catheter- 
ization and biopsy were performed 
with prednisone 25 mg/day. Pulmo- 
nary and intracavity pressures, car- 
diac volumes and regional wall mo- 
tion were unchanged. Histology 
showed a remarkable reduction of 
inflammatory infiltrates, most of 
which were entrapped in areas of fi- 
brous replacement, and no signs of 
cellular necrosis. These features 
suggested that the myocarditis had 
progressed to a healed phase. Holter 
monitoring showed no ventricular 
arrhythmias and therapy with sota- 
lol and prednisone was gradually 
discontinued. At the last follow-up, 
12 months after the first admission, 
the patient was symptom-free with- 
out therapy. 

PATIENT 2: A 24-year-old athlete 
presented with sustained ventricular 
tachycardia (Figure 4). His medical 
history was uneventful except for a 
short flu-like episode 4 months ear- - 
lier, which was characterized by fe- 
ver (39.5°C), cough and myalgia. On 


admission the patient was pale and 
sweating with a blood pressure of 
90/60 mm Hg and ventricular tachy- 
cardia (220 beats/min). A direct- 
current shock at 200 W restored 
normal sinus rhythm. Physical ex- 
amination showed no cardiomegaly, 
murmurs or abnormal heart sounds. 
After resolution of the tachycardia a 
12-lead electrocardiogram was nor- 
mal. Routine laboratory tests were 
within normal limits. A 2-dimen- 
sional echo-Doppler study showed 
an anterolateral aneurysm with pre- 
served LV function (ejection frac- 
tion 0.70). Cardiac catheterization 
showed LV end-diastolic pressure of 
11 mm Hg. Biplane left ventriculog- 
raphy confirmed the presence of a 3 
X 2 cm aneurysm of the anterolater- 
al wall (Figure 5). Coronary angi- 
ography showed normal epicardial 
coronary arteries. Five specimens 
were obtained for histologic exami- 
nation from the LV portion of the 
ventricular septum, the apex and the 
anterolateral region surrounding the 
aneurysm. The latter showed a lym- 
phocytic myocarditis, with occasion- 
al fraying of adjacent myocytes and 
focal fibrous replacement, which 
was more pronounced in samples 
taken from the area closest to the 
aneurysm (Figure 6). Viral serology 
(as performed in patient 1) was neg- 
ative. After sotalol therapy (80 mg 3 





times a day) was begun ventricular 
tachycardia disappeared complete- 
ly. No steroids were given because of 
histologic evidence of very sparse 
cellular necrosis. The patient was 
discharged 2 weeks after admission 
and remained asymptomatic. At the 
last follow-up, 16 months after ad- 
mission, repeat LV angiogram was 
unchanged; Holter monitoring 
showed no arrhythmias and sotalol 
was gradually discontinued. 

Two young patients presenting 
with ventricular tachycardia and a 
recent history of a flu-like illness 
were each found to have a small, fair- 
ly localized LV saccular aneurysm. 
A localized dyskinesia (particularly 
in patient 1) seems unlikely because 
of the remarkable extension of the 
systolic bulging, which is not clearly 
visible in diastole only because of 
the superimposition of adjacent seg- 
ments of the cavity. The patients' 
age, their clinical histories and angio- 
graphic and histologic findings sug- 
gest the probability of an inflamma- 
tory origin of LV aneurysm. The se- 
vere lymphocytic myocarditis found 
in the tissue surrounding the aneu- 
rysm suggested a viral etiology, but 
this was not confirmed by serology. 
In an extensive virologic study of pa- 
tients with clinical and histologic evi- 
dence of viral myocarditis, a positive 
serology was found in only 5096 of 
cases.’ It is possible that viruses, oth- 
er than those most often tested, may 


FIGURE 6. Patient 2: 





often be responsible for myocarditis. 
To our knowledge the incidence of 
small, fairly localized LV aneurysm 
with normal LV function, resulting 
from viral myocarditis, has not been 
previously reported. However, in a 
recent case study, a rather large LV 
aneurysm with global LV dysfunc- 
tion after Coxsackie B4 virus infec- 
tion was reported, although no histo- 
logic evidence of myocarditis was 
provided.$ 

These LV aneurysms are clearly 
different from those frequently ob- 
served in ischemic heart disease. 
Their fairly small size, and the age of 
the patients, together with the ab- 
sence of any risk factors for ischemic 
heart disease, or history of chest pain 
and the normal coronary arterio- 
grams would suggest a different ori- 
gin. The mechanism for a predomi- 
nantly localized rather than a more 
diffuse involvement by myocarditis 
resulting in LV aneurysm is obscure. 
The more prominent inflammatory 
changes observed in the biopsy speci- 
mens taken from the area closest to 
the aneurysms suggest that the pro- 
cess could have been more severe in 
localized areas of the myocardium. 
An inflammatory involvement of the 
arterial vessels supplying localized 
areas of myocardium could not be 
excluded. An ischemic origin of LV 
aneurysms would seem unlikely since 
only larger infarcts are normally as- 
sociated with aneurysm formation in 
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dence of sparse myocyte necrosis (arrows). (Hematoxylin-eosin X250, reduced 


30%.) 
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ischemic heart disease. Our manage- 
ment of the 2 cases was empirical. 
Sotalol administration was followed 
by disappearance of ventricular ar- 
rhythmias; steroids were adminis- 
tered in the first patient because of 
histologic evidence of obvious cellu- 
lar necrosis at histology, but not in 
the second. It is impossible to as- 
sess the extent to which treatment 
contributed to either the remission 


of symptoms or to the absence of 
changes in cardiac function and LV 
aneurysm size in the short-term fol- 
low-up. 
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leads I, Il and Ill (top) and intracoronary 
lead (bottom) of sample recordings are 


T-segment alternans indicates 

nonuniformity of ventricular re- 
polarization in time and space, and 
consequently correlates with the oc- 
currence of ventricular fibrillation 
during cardiac ischemia.'? ST alter- 
nans has been observed during spon- 


taneous and induced myocardial is- 
chemia in experimental animals! 
and in man during exercise,’ Prinz- 
metal angina? and coronary angi- 
oplasty.’-? Whereas ST-segment 
shifts (particularly ST-segment ele- 
vation) are frequent during angio- 
plasty,!° ST-segment alternans is in- 
frequent. We present a patient who 
on sequential balloon inflations dur- 
ing coronary angioplasty demon- 
strated a sequence of ST-segment 
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shifts recorded by intracoronary elec- 
trocardiography, reflecting the 
unique effects of repeated short epi- 
sodes of ischemia on the alternans 
phenomenon. 

A 59-year-old woman with insu- 
lin-dependent diabetes mellitus and 
known coronary artery disease pre- 
sented with hypoglycemia and an in- 
creased frequency of anginal epi- 
sodes. Six months earlier, she un- 
derwent percutaneous transluminal 
coronary angioplasty of the circum- 
flex coronary artery, with satisfacto- 
ry angiographic and clinical results. 
Because of the increase in angina 
frequency, she underwent diagnostic 
cardiac catheterization that showed 
normal left ventricular systolic func- 
tion, 30% obstruction of the circum- 
flex coronary artery, and a new 70% 
obstruction of the mid-left anterior 
descending coronary artery. Percu- 
taneous transluminal coronary angi- 
oplasty of the new narrowing was 
successfully performed, with a 30% 
residual stenosis. During the proce- 
dure, a continuous intracoronary 
electrocardiogram was recorded 
from the tip of the guidewire posi- 
tioned distal to the stenosis.!! The 
intracoronary electrocardiogram 
pattern was affected differently on 
sequential inflations (Figure 1). The 
surface electrocardiogram (3 leads) 
Showed no changes throughout the 
procedure. 

ST alternans has been reported 
only rarely on the surface electrocar- 
diogram during angioplasty, particu- 
larly during prolonged inflations.’~? 
The current findings were observed 
by intracoronary electrocardiogram. 
Intracoronary electrocardiogram is 


known to be more sensitive than are 
surface recordings,'! and alternans is 
known to be a localized phenomenon 
in some cases.!* However, the rarity 
of ST alternans is suggested by the 
fact that no cases were observed in 
25 patients studied by intracoronary 
electrocardiogram during angio- 
plasty by Friedman et al!! or in 50 
others studied in our laboratory. The 
unique aspect of the current case is 
the sequential finding of alternation 
of ST-segment elevation and depres- 
sion with alternans during subse- 
quent ischemic episodes. During dis- 
crete repeated episodes of ischemia, a 
shift from ST-segment elevation to 
depression (with or without alter- 
nans) has not been observed to our 
knowledge,?!? although a change 
from ST-segment depression to ele- 
vation may rarely be seen during 1 
ischemic episode.!? There was no evi- 
dence of instability of the record- 
ing mechanism to account for the 
changes, and no changes in QRS am- 
plitude or vector accompanying the 
ST alterations. Whereas the mecha- 
nism of ST-segment alternans may 
be related to variations in calcium ion 
flux,!:!° we can only speculate on the 
mechanism of the ST-alternans “al- 
ternans" in this patient. We postulate 
that ischemic preconditioning!^ of 
the myocardium during the series of 
percutaneous transluminal coronary 
angioplasty inflations changed the 
expression of ischemia from trans- 
mural to subendocardial injury with 
alternans, to no demonstrable ische- 
mia during the initial short inflation 
or the final inflation. Therefore, this 
case may demonstrate the sequential 
effects of myocardial ischemic pre- 


conditioning on a marker of ventricu- 
lar fibrillation. 
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Tricyclic Overdose Causing Sustained 
Monomorphic Ventricular Tachycardia 


Robert W. Peters, MD, Gregory A. Buser, MD, Hyun Joe Kim, MD, 


and Michael R. Gold, MD, PhD 


esipramine belongs to a group of 

psychotropic compounds called 
tricyclic antidepressants that have 
similar chemical structures and share 
a variety of pharmacologic actions. 
They tend to be lipophilic and are 
found in high concentrations in the 
myocardium of treated patients.! Ac- 
tions responsible for most of their 
cardiovascular effects include anti- 
cholinergic properties, an ability to 
block norepinephrine reuptake and a 
type 1 antiarrhythmic action.'? A 
variety of cardiac dysrhythmias have 
been associated with tricyclic antide- 
pressant usage and especially with 
overdosage.’ Sustained ventricular 
arrhythmias are an uncommon com- 
plication of nonfatal tricyclic antide- 
pressant overdose^ and usually con- 
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sist of polymorphous ventricular 
tachycardia (or ventricular fibrilla- 
tion). In the present report, we de- 
scribe a young person without appar- 
ent organic heart disease who ingest- 
ed a large amount of desipramine 
and who presented with sustained 
monomorphic ventricular tachycar- 
dia which persisted over a 3-day 
period. 

A 31-year-old man with a history 
of depression was admitted to an- 
other hospital after ingestion of an 
unknown amount of desipramine. 
On admission, he was somnolent 
and mildly tachypneic. Blood pres- 
sure was 100/60 mm Hg and heart 
rate 160 beats/min. Electrocardio- 
gram (Figure 1) revealed a regular 
rhythm at a rate of 168 beats/min 
with no discernible P waves and a 
wide QRS complex with a right bun- 
dle branch block configuration. Ini- 
tial therapy consisted of oral char- 
coal, milk of magnesia, intravenous 
furosemide and infusion of intrave- 
nous fluids containing bicarbonate. 
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Laboratory studies were normal ex- 
cept for a serum desipramine con- 
centration of 777 ng/ml (therapeutic 
range = 75 to 300). 

The patient was transferred to 
the Baltimore Veterans Administra- 
tion Medical Center 24 hours after 
his overdose. At that time, blood 
pressure was 100/60 mm Hg. Elec- 
trocardiogram showed a heart rate 
of 180 beats/min with a right bundle 
branch block morphology identical 
to that seen earlier. Carotid sinus 
massage had no effect on the cardiac 
rhythm, nor did a 1 mg of intrave- 
nous metoprolol although marked 
hypotension resulted. A Swan-Ganz 
catheter revealed a pulmonary cap- 
illary wedge pressure of 12 to 15 mm 
Hg. It was considered that the 
rhythm was supraventricular (possi- 
bly sinus) tachycardia with aberrant 
conduction. Because the patient was 
stable, it was decided that further 
observation, without specific inter- 
vention, was indicated until more of 
the drug had been metabolized and 
excreted. The heart rate continued to 
increase, however, and was accom- 
panied by signs and symptoms of hy- 
poperfusion. He was taken to the 
electrophysiology laboratory where 
intracardiac recordings revealed 
atrioventricular dissociation with a 


FIGURE 1. A 12-lead electrocardiogram showing a wide complex tachycardia at a rate of 168 beats/min with a right bundle 
branch block configuration and no discernable P waves. 
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FIGURE 2. Top, a high right atrial electrogram (HRA) showing atrial depolarizations occurring independently of the QRS com- 
plexes seen on surface leads I, Il, Ill and aVR (AVR). Paper speed = 100 mm/s. Bottom, an electrogram obtained from the right 
ventricular (RV) apex showing ventricular capture by pacing followed by resumption of sinus rhythm when pacing is terminated. 
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ventricular cycle length of 270 ms 
and an atrial cycle length of 630 ms 
(Figure 2, top). Ventricular over- 
drive burst pacing resulted initially 
in entrainment and finally in termi- 
nation of the tachycardia (Figure 2, 
bottom). After conversion to normal 
sinus rhythm, a 12-lead electrocar- 
diogram revealed T-wave inversion 
that gradually normalized over the 
next few days. Serial cardiac en- 
zymes were not elevated. Two-di- 
mensional echocardiography and 
radionuclide ventriculogram showed 
normal morphology and left ventric- 
ular function. Because of the lack of 
evidence of organic heart disease, no 
attempt was made to reproduce the 
arrhythmia in the electrophysiology 
laboratory. The remainder of his 


convalescence was uneventful and 
the patient was discharged several 
days later. 

We are not aware of previous re- 
ports of sustained monomorphic ven- 
tricular tachycardia occurring as a 
complication of tricyclic antidepres- 
sant overdose. The lack of underlying 
heart disease and the extended dura- 
tion of the dysrhythmia (>72 hours) 
led us to believe that we were dealing 
with a supraventricular mechanism. 
The reason for the gradual increase 
in tachycardia rate from 168 to 230 
beats/min is not apparent but may 
be related to an increase in catechol- 
amines associated with systemic hy- 
poperfusion. 

In conclusion, our experience sug- 
gests that sustained ventricular 


tachycardia should be considered in 
the differential diagnosis of a wide 
QRS complex tachycardia in the set- 
ting of tricyclic antidepressant over- 
dose. Wide QRS tachycardia in this 
clinical setting should be promptly 
investigated with intracardiac or eso- 
phageal recordings. 
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oth anomalous origin of the left 

main coronary artery from the 
pulmonary trunk and atherosclerotic 
coronary artery disease are condi- 
tions associated with myocardial is- 
chemia. In contrast to atherosclerotic 
coronary artery disease, ischemia in 


the anomalous origin of the left main 
coronary artery from the pulmonary 
trunk is gradual in onset owing to the 
high pulmonary artery pressure that 
limits blood flow through the anoma- 
lous left coronary artery in the post- 
natal period. Survival to adulthood 
depends on the development of col- 
lateral circulation from the right cor- 
onary or may eventually be related to 
a marked right coronary artery dom- 
inance.! In contrast to atherosclerot- 
ic coronary artery disease, left ven- 
tricular ejection fraction is only mod- 
erately depressed or normal in most 
patients with anomalous origin of the 
left main coronary artery from the 


TABLE I Individual Hemodynamic Data of the Patient with Anomalous Origin of the Left Main Coronary Artery from the Pulmonary 
Trunk and of Seven Patients with Atherosclerotic Coronary Artery Disease 


LMCA 
from PT 


Pressures (mm Hg) 
Left ventricle (s/d) 
Aorta (s/d) 
Right ventricle (s/d) 
Pulmonary artery (s/d) 
Pulmonary artery wedge pressure 
(mean) 
Cardiac output (liters/min) 
Cardiac index (liters/min/m?) 
Heart rate (beats/min) 
Left ventricular end-diastolic volume 
index (ml/m?) 
End-systolic volume index (ml/m?) 
Ejection fraction (%) 
Oxygen saturation (%) 
Aorta 
Pulmonary artery 


110/25 
105/50 


Atherosclerotic Coronary Artery Disease 


Pt. 4 


17 


104/33 
104/87 
27/7 

29/17 


PLS 


108/19 
110/84 


140/10 
140/90 
28/2 

28/12 


141/23 
135/91 
29/9 

30/21 


2.6 
Le 


106 
220 


177 
20 


97 


LMCA = left main coronary artery; PT = pulmonary trunk; s/d = systolic/diastolic. 
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pulmonary trunk. The energy re- 
quired to build up myocardial high- 
energy phosphates is mainly generat- 
ed by the mitochondrial respiratory 
chain. The present study suggests 
that different respiratory chain ca- 
pacities in the myocardium of pa- 
tients with these 2 forms of ischemic 
heart disease may account for the 
differences in left ventricular perfor- 
mance. 

A 39-year-old woman with 
anomalous origin of the left main 
coronary artery from the pulmonary 
trunk had the diagnosis confirmed 
by cardiac catheterization. The pa- 
tient was asymptomatic until age 37 
years when fatigue, dyspnea with ex- 
ercise, exertional chest pain and pal- 
pitations occurred. She had given 
birth to 3 children without experi- 
encing any symptoms related to the 
heart. An apical grade III pansys- 
tolic precordial murmur was audi- 
ble. The electrocardiogram showed 
poor R-wave progression over the 
anterior precordium and there were 
Q waves in association with ST-seg- 
ment alterations and T-wave inver- 
sions in leads I, aVL, Vs and Vs. The 
chest roentgenogram revealed en- 
largement of the left atrium and ven- 
tricle and signs of interstitial pulmo- 
nary edema. Stress thallium scintig- 
raphy demonstrated a defect of the 
anterolateral wall of the left ventri- 
cle. Cineangiography showed the 
single right coronary artery arising 
from the aorta with retrograde fill- 
ing of the left coronary artery 
through collateral vessels and opaci- 
fication of the main pulmonary ar- 
tery. Left ventricular ejection frac- 
tion was 53%. The ventriculogram 
revealed anterolateral hypokinesia 
and mitral regurgitation of a moder- 
ate degree. Right-sided cardiac 
catheterization demonstrated the 
left coronary artery originating from 
the posterior sinus of the pulmonary 
artery with a normal branching pat- 
tern. Individual hemodynamic data 
are summarized in Table I. 

Seven male patients (aged 36 to 
58 years [mean 50 + 8]) with severe 
chronic arteriosclerotic coronary ar- 
tery disease who were scheduled for 
cardiac transplantation also were 
studied. These patients did not show 
evidence of concomitant cardiac val- 
vular lesions, diabetes mellitus and 
other endocrine disorders, diseases 


of the kidney or liver. Left-sided car- 
diac catheterization had been per- 
formed <3 months before surgery in 
all cases. Hemodynamic data of the 
patients are listed in Table I. All pa- 
tients had 3-vessel disease that in- 
cluded severe proximal stenoses in 
the left anterior descending coronary 
and left circumflex arteries. There 
was no evidence of either recent 
acute myocardial infarction or seg- 
mental wall motion abnormalities in 
the area of biopsy. 

Left ventricular myocardial bi- 
opsy specimens were obtained using 
a Tru-cut biopsy needle (Travenol 
Laboratories) immediately before 
cross-clamping of the aorta from 
the beating heart. Biopsy specimens 
were taken from the anterolateral 
portion of the left ventricle. The site 
of biopsy is illustrated in Figure 1. In 
all cases an area was chosen that was 
perfused exclusively by branches of 
the left coronary artery according to 
the coronary angiogram. Thus, ad- 
ditional ischemic damage due to 
concomitant stenosis of the right 
coronary artery in atherosclerotic 
ischemic heart disease could be ex- 
cluded in the area of biopsy. The tis- 
sue was immediately frozen in liquid 
nitrogen and stored for subsequent 
biochemical studies. 

Previously frozen muscle speci- 
mens were homogenized with 29 vol- 
umes of a solution containing 50 
mM Tris-buffer (pH 7.5), 100 mM 
potassium chloride, 5 mM magne- 
sium sulfate, and 1 mM ethylene- 
diaminetetraacetate using a glass/ 
glass homogenizer. Non-collagen 
protein was determined according to 
the methods of Lilienthal’ and Low- 
ry* and their co-workers after diges- 
tion of the homogenate with sodium 


Succinate 


hydroxide (50 mM) and pelleting 
the insoluble collagen protein by 
centrifugation (12,000 g for 10 min- 
utes). The mitochondrial respiratory 
chain consists of 5 enzyme complex- 
es as well as of cytochrome c and 
mobile electron carriers. A schemat- 
ic diagram of the mitochondrial res- 
piratory chain is given in Figure 2. 
The enzyme activities of antimycin 
A-sensitive complexes I + III, II + 
III, succinate dehydrogenase, com- 
plex IV (cytochrome c oxidase), and 
of the mitochondrial matrix enzyme 
citrate synthase were measured 
spectrophotometrically at 30* C.^6 
The specific activities of the mi- 
tochondrial respiratory chain com- 
plexes I + III (antimycin A-sensi- 
tive), II + III, and of cytochrome c 
oxidase (complex IV) in myocardi- 
um of the patient with anomalous 
origin of the left main coronary ar- 
tery from the pulmonary trunk ex- 
ceeded the mean value of enzyme ac- 
tivities in coronary artery disease by 
more than 2.9-fold standard devi- 





FIGURE 1. The technique and site of 
myocardial biopsy in the anterolateral 
portion of the left ventricle in a patient 
with anomalous origin of the left main 
coronary artery from the pulmonary 





FIGURE 2. Schematic diagram of the sequence of electron transport in the res- 
piratory chain. Roman numbers indicate the different enzyme complexes. CoQ = 


coenzyme Qo; Cyt.c = cytochrome c. 
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TABLE II Mitochondrial Enzyme Activities in Left Ventricular Myocardium of the Patient with Anomalous Origin of the Left Main 
Coronary Artery from the Pulmonary Trunk and of Seven Patients with Atherosclerotic Coronary Artery Disease 


LMCA 
from PT 


Complexes | + III 
Complexes II + III 
Complex IV 

SDH 

Citrate synthase 


Atherosclerotic Coronary Artery Disease 


Enzyme activities are expressed as nmol x min-! x mg NCP-! 


LMCA = left main coronary artery; NCP = non-collagen protein; PT = pulmonary trunk; SDH = succinate dehydrogenase. 


ation. The individual data are sum- 
marized in Table II. In contrast, no 
differences between the enzyme ac- 
tivities of the mitochondrial matrix 
enzyme citrate synthase and of suc- 
cinate dehydrogenase were observed 
(Table II). Non-collagen protein 
content was 94 mg X g wet weight"! 
in the biopsy specimen of the patient 
with anomalous origin of the left 
main coronary artery from the pul- 
monary trunk and ranged from 94 to 
185 mg X g wet weight"! in the biop- 
sy samples of patients with athero- 
sclerotic coronary artery disease. 
Increasing activities of the mito- 
chondrial respiratory chain enzymes 
have been described in hypertrophied 
left ventricular myocardium of pa- 
tients with different degrees of aortic 
valve stenosis.’ This increase was 
limited to the enzyme activities of 
complexes I + III and II + III but 
did not include the activity of cyto- 
chrome c oxidase (complex IV). It 
was postulated that the increase in 
the rate limiting coenzyme Qio con- 
centration accounted for the in- 
creased enzyme activities. An isolat- 
ed alteration in coenzyme Qj con- 
centration can, however, be excluded 
as an explanation for the differences 
in enzyme activities found in anoma- 
lous origin of the left main coronary 
artery from the pulmonary trunk and 
atherosclerotic coronary artery dis- 
ease. In the anomalous origin of the 
left main coronary artery from the 
pulmonary trunk, both the coenzyme 
Qio-dependent activities of complex- 
es I + III and II + III and the activi- 
ty of the coenzyme Q;o-independent 
reaction of complex IV were higher 
than those in patients with coronary 
artery disease. Thus, different patho- 
genetic mechanisms seem to occur in 
hypertrophy and ischemia. 





A loss of complex I activity has 
been described in myocardial ische- 
mia induced in animal models.5? A 
transmural gradient in high-energy 
phosphate content was found in pa- 
tients with coronary artery disease 
revealing decreased subendocardial 
ATP levels in myocardial ischemia.!° 
In 1 patient with an isolated stenotic 
lesion in the left anterior descending 
coronary artery the high-energy 
phosphates in the subendocardial 
layers of the region supplied by the 
diseased vessel were lower than in the 
subendocardium of the region per- 
fused by a normal circumflex ar- 
tery.'? Contractile failure after the 
onset of myocardial ischemia occurs 
when adenosine triphosphate content 
is only slightly reduced.!! With use of 
phosphorus-31 nuclear magnetic res- 
onance spectroscopy, a close corre- 
lation between the high-energy phos- 
phate content and the degree of re- 
covery of contractile performance af- 
ter reperfusion was found in a work- 
ing rat heart model.!? Therefore, it 
was postulated that the ability of the 
myocardium to maintain or resyn- 
thesize high-energy phosphates was 
an important determinant of me- 
chanical function. 

In our study the patients with ath- 
erosclerotic coronary artery disease 
had low ejection fractions and a low 
respiratory chain capacity, whereas 
the patient with anomalous origin of 
the left main coronary artery from 
the pulmonary trunk had a normal 
ejection fraction and higher enzyme 
activities. It is reasonable to assume 
that in the anomalous origin of the 
left main coronary artery from the 
pulmonary trunk, the higher respira- 
tory chain capacity allowed the myo- 
cardium to generate and resynthesize 
high-energy phosphates to a greater 
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Mean + SD 


extent than it would in atherosclerot- 
ic coronary artery disease. Because 
true normal controls are not avail- 
able, no differentiation can be estab- 
lished as to whether the respiratory 
chain enzyme activities were in- 
creased in the anomalous origin of 
the left main coronary artery from 
the pulmonary trunk or decreased in 
atherosclerotic coronary artery dis- 
ease, or both. Increased activities in 
the anomalous origin of the left main 
coronary artery from the pulmonary 
trunk may reflect a compensatory 
metabolic adaptation that might only 
be feasible in congenital anomalies. 
In atherosclerotic coronary artery 
disease decreased enzyme activities 
together with hypoperfusion may 
cause a depletion of high-energy 
phosphates. However, the decreased 
enzyme activities in slowly progres- 
sive atherosclerotic coronary artery 
disease might represent an advanced 
stage in the course of myocardial is- 
chemia. In that case, the ability to 
maintain respiratory function de- 
creases during the course of the dis- 
ease. Higher respiratory chain en- 
zyme activities in anomalous origin 
of the left main coronary artery from 
the pulmonary trunk would then not 
be due to the congenital nature of the 
disease but might uniformly apply to 
the early phases of ischemic condi- 
tions until deterioration occurs. 

In conclusion, it is postulated that 
the ability of the myocardium to gen- 
erate high-energy phosphates is high- 
er in patients with anomalous origin 
of the left main coronary artery from 
the pulmonary trunk than in patients 
with atherosclerotic coronary artery 
disease. This may form the biochemi- 
cal basis for the ability to maintain 
good left ventricular ejection frac- 
tion, which is observed in most pa- 


tients with anomalous origin of the 
left main coronary artery from the 
pulmonary trunk. 
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1233 
Usefulness of Ultrafast Magnetic Resonance Imaging in Healed 
Myocardial Infarction 

F. Paul van Rugge, Ernst E. van der Wall, Paul R. M. van Dijkman, Hans W. 
Louwerenburg, Albert de Roos, and Albert V. G. Bruschke 





Twenty patients with healed myocardial infarction underwent ultrafast 
magnetic resonance imaging (MRI) and 2-dimensional echocardiogra- 
phy. After bolus injection of gadolinium-diethylenetriaminepentaacetic 
acid (DTPA) (0.04 mmol/kg body weight), single-level short-axis MRI 
was performed with an acquisition time of 500 ms. Signal intensities were 
measured in transmural myocardial regions of interest. After gadolin- 
ium-DTPA injection, infarcted and normal myocardium demonstrated a 
signal intensity enhancement of 50 and 134%, respectively (p «0.001 ). 
Signal intensity of normal relative to infarcted myocardium increased 
from 1.25 + 0.22 before to 1.91 + 0.41 after gadolinium-DTPA (p 
<0.001). The rate of signal increase in the infarcted myocardium was 
lower than in the normal myocardium (5.17 + 2.22 vs 18.99 + 9.96 s7! p 
«0.001 ). Ultrafast MRI using gadolinium-DTPA bolus administration 
clearly identifies myocardial perfusion abnormalities in patients with 
healed myocardial infarction. 


1238 

Placebo Effect of Nitrate Monotherapy for Myocardial 
Ischemia 

Angas W. F. Hamer 


Nitrate monotherapy for significant but relatively asymptomatic myocar- 
dial ischemia was assessed by treadmill exercise electrocardiographic test- 
ing (n = 18) and prolonged ambulatory electrocardiographic monitoring 
(n = 7). Baseline assessment was followed by 5 randomized treatment 
periods of isosorbide dinitrate (30 and 60 mg/day), transdermal nitrate 
(10 and 20 mg/24 hours) and placebo, with a 10-hour nitrate-free interval 
every 24 hours. All treatment periods, including placebo, showed a signifi- 
cant (p <0.01) 45 to 69% prolongation in time to 1 mm ST depression 
during exercise, and qualitatively similar reductions in total ischemic time 
during ambulatory monitoring. The effects of placebo were comparable to 
active nitrate therapy regardless of dose and route of administration. Total 
exercise duration and rate pressure product were unaffected. It is conclud- 
ed that nitrate monotherapy produces a clinically significant effect in 
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delaying the onset of myocardial ischemia during exercise, but that in this 
particular patient cohort, there was a large placebo response, such that no 
drug-specific effects could be demonstrated. 
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Prediction of Late Cardiac Events by Dipyridamole Thallium 
Imaging in Patients Undergoing Elective Vascular Surgery 
Robert C. Hendel, Steven S. Whitfield, Bernard J. Villegas, Bruce S. 
Cutler, and Jeffrey A. Leppo 


In the largest series to date, dipyridamole thallium scanning was per- 
formed in 360 patients before elective vascular surgery, and survivors were 
followed for 31 months. A perioperative cardiac event occurred in 14.4% 
of the patients with a transient thallium defect, as opposed to 1% with a 
normal scan. Logistic regression analysis revealed that the best predictor 
of a perioperative event was the presence of a reversible thallium defect, 
elevating the risk 4.3-fold. Patients with a fixed perfusion abnormality had 
a 24% late cardiac event rate, compared with 4.9% for patients with a 
normal dipyridamole thallium study. Cox regression analysis revealed that 
a fixed defect was the strongest factor predicting a late event, increasing 
the relative risk almost fivefold. Life-table analysis confirmed the strong 
relation of a fixed defect to cardiac event-free survival. Therefore, dipyrid- 
amole thallium scanning demonstrates valuable prognostic information in 
a large population of patients undergoing vascular surgery for long-term 
event-free survival, as well as risk stratification during the perioperative 
period. 


MSS i Lu ae, Fe Luo iu] Na erue c 
Prognosis of Patients with Sustained Ventricular Tachycardia 
and of Survivors of Cardiac Arrest Not Inducible by 
Programmed Stimulation 

Dietrich Andresen, Gerhard Steinbeck, Thomas Brüggemann, Ralph 
Haberl, Lutz Fink, and Rolf Schróder 


The prognosis in 60 patients with documented ventricular tachyarrhyth- 
mias that were not inducible during baseline programmed ventricular 
stimulation was analyzed: 39 with cardiac arrest due to noninfarction 
ventricular fibrillation (VF), and 21 with mild hemodynamically compro- 
mising sustained ventricular tachycardias (VT). Patients were discharged 
with only empirical 8-blocker therapy. During follow-up (21 + 16 
months), 10 of 60 patients (17%) died suddenly. The sudden death rate 
was higher in patients with left ventricular ejection fraction (EF ) <40% 
than in those with EF >40% (1-year incidence for VF group, 40 vs 0%; VT 
group, 50 vs 0%) (p = 0.005 and p = 0.01). The 1- and 4-year cardiac 
arrest rate was similar in the VF and VT groups (VF group, 10 and 20%; 
VT group, 16 and 16%) (p = not significant). Multivariate regression 
analysis identified EF <40% and previous myocardial infarction as the 
only independent predictors of sudden death. The occurrence of frequent 
ventricular pairs during Holter monitoring was the only independent pre- 
dictor of sustained VT. It is concluded that in noninducible patients with 
sustained ventricular tachyarrhythmia, reduced EF identifies a subgroup 
at high risk of sudden cardiac death. Patients with mild hemodynamically 
compromising sustained VT have a similar risk of dying suddenly as those 
resuscitated from cardiac arrest. 
Continued on page A16 
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Reproducibility of Stress Redistribution Thallium-201 SPECT 
Quantitative Indexes of Hypoperfused Myocardium Secondary 
to Coronary Artery Disease 

Florence M. Prigent, Daniel S. Berman, Janet Elashoff, Alan Rozanski, 
Jamshid Maddahi, John Friedman, and James H. Dwyer 


The reproducibility of quantitative indexes of hypoperfused myocardium 
by exercise thallium-201 single-photon emission computed tomography 
was assessed in 16 stable patients undergoing repeat studies within a 
month and in 23 with repeated studies within a year. Symptoms, heart rate 
achieved and peak systolic blood pressure during the 2 studies were simi- 
lar. Hypoperfused myocardium was defined as the percent maximal 
counts circumferential stress profile points below the normal level and was 
divided into 3 vascular territories. Values were compared between studies 
for each patient. The concordance correlation coefficient and mean abso- 
lute deviation were 0.94 and 4.5%, respectively, in the 39 patients consid- 
ered together, 0.93 and 3.296, respectively, in the prospective group, and 
0.94 and 5.1%, respectively, for the retrospective group. Reproducibility 
was also high for the 3 vascular territories and for intra- and interobserver 
variability. Thus, in stable patients with repeat thallium studies, quantita- 
tive indexes of hypoperfused myocardium are reproducible. 


1264 

Composition of Atherosclerotic Plaques in the Epicardial 
Coronary Arteries in Juvenile (Type I) Diabetes Mellitus 
Susanne L. Mautner, Fengru Lin, and William C. Roberts 


The composition of atherosclerotic plaques in 331 five-mm segments of 
the 4 major (left main, left anterior descending, left circumflex, and right) 
epicardial coronary arteries of 8 patients with juvenile (mean age at onset, 
9 years; mean age at death, 29 years) diabetes mellitus was determined by 
computerized planimetric analysis. Analysis of all coronary segments 
disclosed that the plaques consisted primarily of dense (53%) and cellular 
(38%) fibrous tissue. Pultaceous debris (7%), foam cells (1.2%) and 
calcific deposits (0.7% ) occupied a small percentage of the plaques. Anal- 
ysis of composition according to degrees of cross-sectional luminal nar- 
rowing revealed marked increases in dense fibrous tissue (from 31 to 
74%), pultaceous debris (from 3 to 12%), and calcific deposits (from 0 to 
3%) as the cross-sectional area narrowing increased from <25 to >75%. 
Compared to older patients with fatal coronary artery disease, the patients 
with juvenile diabetes had more dense fibrous tissue and pultaceous debris 
and less calcific deposits. 


1269 

Effects of Infusion of L-Arginine into the Left Anterior 
Descending Coronary Artery on Acetylcholine-Induced 
Vasoconstriction of Human Atheromatous Coronary Arteries 
Jean-Luc Dubois-Randé, Robin Zelinsky, Francoise Roudot, Pierre Etienne 
Chabrier, Alain Castaigne, Herbert Geschwind, and Serge Adnot 


To assess whether intracoronary administration of L-arginine could im- 
prove coronary vascular reactivity to acetylcholine, 13 hypercholesterol- 
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emic patients with nonstenotic lesions of the left anterior descending 
(LAD) coronary artery were investigated. Acetylcholine (5 X 1077, 1076 
and 5 X 1075 M) was first administered selectively into the LAD artery. 
L-arginine (107? M) was then infused and acetylcholine infusions were 
repeated during infusion of L-arginine. Acetylcholine alone induced a 
dose-dependent reduction of distal epicardial LAD artery diameter. L- 
arginine attenuated acetylcholine-induced vasoconstriction to —21 + 9% 
(vs —48.5 + 17%) at 5 X 1076 M acetylcholine (p <0.01 ). While coronary 
blood flow decreased by 21 + 13% with the highest dose of acetylcholine 
(p «0.05), the simultaneous infusion of L-arginine and acetylcholine 
resulted in an increase in coronary blood flow of 17 + 11% (p «0.05). 
Thus, intracoronary infusion of L-arginine improves endothelium-depen- 
dent relaxation in coronary arteries. 


1278 0 te ey AEI E E A TE nies ee oe ib Leer CR MEE: 
Prognosis with Abnormal Thallium Images in the Absence of 
Significant Coronary Artery Disease 

Charles R. Cannan, Todd D. Miller, Timothy F. Christian, Kent R. Bailey, 
and Raymond J. Gibbons 


The purpose of this study was to determine prognosis in patients with 
abnormal thallium images in the absence of significant coronary artery 
disease. Eighty-seven patients (75% men) with an abnormal thallium 
study and coronary artery stenosis not >70% in diameter narrowing were 
followed for a median duration of 22 months. Eighty-two patients had at 
least 1 reversible defect. During follow-up 2 patients underwent revascu- 
larization procedures. There were no deaths or myocardial infarctions. In 
the absence of significant coronary artery disease, patients with abnormal 
thallium scans have an excellent short-term prognosis. 
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1281 
Efficacy and Tolerability of Simvastatin and Pravastatin in 
Patients with Primary Hypercholesterolemia (Multicountry 
Comparative Study) 

The European Study Group 





A total of 291 patients with primary hypercholesterolemia received sim- 
vastatin or pravastatin for 6 weeks, each at their commonly recommended 
starting dose of 10 mg once daily, in an open, randomized, comparative 
study. Plasma concentrations of total cholesterol, low-density-lipoprotein 
cholesterol, and triglycerides were reduced by 23, 32 and 13%, respective- 
ly, with simvastatin, and 16, 22 and 6%, respectively, with pravastatin. 
Plasma concentrations of high-density lipoprotein cholesterol were in- 
creased 7% with simvastatin and 5% with pravastatin. Adverse experi- 
ences were similar between treatment groups and both drugs were well 
tolerated. In each treatment group, 3 patients were withdrawn from the 
study for clinical adverse experiences; 1 patient in the pravastatin group 
required a reduction in dose because of insomnia. 
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Effects of Guava Intake on Serum Total and High-Density 
Lipoprotein Cholesterol Levels and on Systemic Blood Pressure 
Ram B. Singh, Shanti S. Rastogi, Reema Singh, Saraswati Ghosh, and 
Mohammad A. Niaz 


In a randomized, single-blind and controlled trial, the effects of guava 
fruit substitution was studied on dietary intakes, blood lipids and blood 
pressures in 61 group A and 59 group B patients with essential hyperten- 
sion. After 12 weeks of intervention, there was a self-imposed decreased 
intake of total fat and saturated fat and increased polyunsaturated /satu- 
rated fat ratio in the diet in group A compared with group B. Total 
carbohydrate, soluble dietary fiber, potassium and vitamin C intake were 
also higher in the intervention group A than in group B. In addition to 
these dietary changes, there was a significant decrease in serum total 
cholesterol, triglycerides and blood pressures in group A with a significant 
increase in high-density lipoprotein cholesterol compared with changes in 
group B. These changes in the diet and biochemical response may be due 
to increased intake of soluble dietary fiber, potassium and other nutrients 
which may be protective against coronary artery disease. 


ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


EN S ua uu ade bh uei uiii curl LL E MES 
Frequency and Implications of Resetting and Entrainment with 
Right Atrial Stimulation in Atrial Flutter 

Angel Arenal, Jesús Almendral, Daniel San Román, Juan L. Delcan, and 
Mark E. Josephson 


Right atrial stimulation was performed in 24 patients with typical and 9 
with atypical flutter. Resetting with single extrastimulus was present in 23 
cases (group A), and absent in 10 (group B). Entrainment occurred in all 
29 cases with pacing trains. Groups A and B did not differ significantly in 
flutter cycle length, atrial functional refractory period or longest paced 
cycle length producing entrainment. The first postpacing interval (return 
cycle) after entrainment was significantly shorter in group A (virtually 
identical to flutter cycle length). Resetting occurred in 20 of 24 cases of 
typical and 3 of 9 cases of atypical flutter (p = 0.01). Both typical and 
atypical flutter can be transiently entrained by right atrial pacing. Lack of 
resetting and longer return cycles, suggesting a longer conduction time 
between stimulation site and reentrant circuit, were mostly observed in 
atypical flutter. The data suggest a different location for both types of 
flutter. 
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1299 
Crossover Comparison of Atenolol, Enalapril, 
. Hydrochlorothiazide and Isradipine for Isolated Systolic 
Systemic Hypertension 
Christopher A. Silagy, John J. McNeil, and Barry P. McGrath 


This study compared the efficacy and tolerability of 50 mg of atenolol, 10 
mg of enalapril, 25 mg of hydrochlorothiazide, and 2.5 mg of isradipine in 
the treatment of isolated systolic hypertension. In all, 24 subjects were 
randomized into a 4-period double-blind crossover study using a latin 
square design, of whom 20 completed all phases of the trial. Casual clinic 
and 24-hour ambulatory monitoring blood pressure (BP) (Accutracker 
II) were measured at the end of each treatment phase. All drugs reduced 
mean casual and ambulatory BP significantly compared with placebo. 
Only hydrochlorothiazide and enalapril provided consistent BP reduction 
throughout a 24-hour interval. Isradipine and enalapril exhibited a rela- 
tively greater effect on reducing systolic BP than either hydrochlorothia- 
zide or atenolol. The frequency of adverse effects with the 4 drugs was 
similar. 


1306 
Systemic Hypertension Associated with Tricyclic 
Antidepressant Treatment in Patients with Panic Disorder 
Alan K. Louie, Eric K. Louie, and Richard A. Lannon 





Of 114 patients taking tricyclic antidepressants 6 developed hypertension. 
All 6 patients had been diagnosed as having panic disorder with or without 
major depression. Half of the 6 patients had previously been diagnosed 
with hypertension, which had been well controlled by antihypertensive 
medications for years. Patients with major depression, who had never had 
panic attacks, did not experience the induction of hypertension by these 
antidepressants. Patients who have panic disorder may be at increased risk 
for tricyclic antidepressant-induced hypertension because of a generalized 
disregulation of the cardiovascular system. 


CONGESTIVE HEART FAILURE 


1310 
Persistent Hemodynamic Improvement with Short-Term 
Nitrate Therapy in Patients with Chronic Congestive Heart 
Failure Already Treated with Captopril 

Anil Mehra, Enrique Ostrzega, Avraham Shotan, Janet V. Johnson, and 
Uri Elkayam 





To evaluate the therapeutic potential of organic nitrates in patients with 
chronic congestive heart failure who have been treated with angiotensin- 
converting enzyme (ACE) inhibitors, the hemodynamic effects of oral 
isosorbide dinitrate (40 to 120 mg) were studied in 11 patients treated with 
captopril (89 + 32 mg/day). The addition of isosorbide dinitrate resulted 
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in a significant improvement in elevated right and left ventricular filling 
pressures and a reduction in pulmonary hypertension. These beneficial 
hemodynamic effects persisted for most of the study duration (24 hours). 
These results demonstrate a marked and persistent hemodynamic im- 
provement mediated by nitrate therapy in patients with chronic congestive 
heart failure treated with ACE inhibitors. Although further studies are 
needed to evaluate the long-term effect of this drug combination, this 
study supports the combined use of nitrates and ACE inhibitors in this 
patient population. 


13135 uu n A Mine MA i ee ie ERE a. 
impaired Forearm Vasodilation to Hyperosmolal Stimuli in 
Patients with Congestive Heart Failure Secondary to Idiopathic 
Dilated Cardiomyopathy or to Ischemic Cardiomyopathy 

Alan J. Bank, Thomas S. Rector, M. Nicholas Burke, Linda K. 
Tschumperlin, and Spencer H. Kubo 


The mechanism of the impaired exercise-induced vasodilation in heart 
failure is not known. Because hyperosmolality is a local potent stimulus for 
vasodilation during exercise, we hypothesized that peripheral vasodilation 
to hyperosmolal stimuli would be impaired in heart failure. To test this 
hypothesis plethysmographic forearm blood flow responses to matched 
hyperosmolal saline and glucose solutions (480 and 660 mosm/kg) were 
compared in 9 patients with congestive heart failure (CHF) and 13 normal 
subjects. In the normal subjects forearm blood flow increased by 3.12 + 
0.40 and 6.80 + 0.67 ml/min/100 ml forearm volume for the 2 hyperos- 
molal infusions. In the patients with CHF, forearm blood flow responses of 
2.19 + 0.44 and 4.06 + 0.92 ml/min/100 ml forearm volume were 
significantly reduced (p «0.05 normal vs CHF). The impaired forearm 
blood flow responses in CHF occurred despite significantly greater (p 
<0.05) increases in venous osmolality (17.3 + 6.5 versus 9.6 + 1.3 
mosm/kg for the 660 mosm/kg infusions). Changes in forearm venous 
electrolyte or hematocrit values were not different between the groups. 
These data demonstrate that peripheral vasodilation to hyperosmolal 
stimuli is impaired in patients with CHF. 


CARDIOMYOPATHY 


o. CM casis an ee EN RR EN S m NS REI CMS QI BOA "UR SL CA. LR 
Long-Term Efficacy of Physiologic Dual-Chamber Pacing in the 
Treatment of End-Stage Idiopathic Dilated Cardiomyopathy 
Margarete Hochleitner, Helmut Hórtnagl, Heide Hórtnagl, Leo Fridrich, 
and Franz Gschnitzer 


In a longitudinal study over 5 years, the long-term efficacy of physiologic 
dual-chamber (DDD) pacing in the treatment of end-stage idiopathic 
dilated cardiomyopathy was evaluated in 17 patients. The clinical im- 
provement achieved after implantation of a pacemaker programmed for 
DDD pacing at an atrioventricular delay of 100 ms was maintained 
throughout the follow-up period or until death and was associated with a 
consistent decrease in New York Heart Association class and an increase 
in left ventricular ejection fraction. Cardiothoracic ratio, heart rate and 
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echocardiographic dimensions progressively decreased, whereas systolic 
and diastolic blood pressures increased. Median survival time after DDD 
pacing was 22 months, excluding 4 patients who received a donor heart. In 
the 10 patients who died during follow-up, the cause of death was sudden 
death in 9 and carcinoma in 1. On the basis of the present results, DDD 
pacing can be recommended as a useful tool in the long-term treatment of 
end-stage idiopathic dilated cardiomyopathy. 


13420 715 a I aui AN PAAU EE r YE SL CENE 
Differences in Direction-Dependent Shortening of the Left 
Ventricular Wall in Hypertrophic Cardiomyopathy and in 
Systemic Hypertension 

Masahiro Hattori, Toshikazu Aoki, and Kiyotsugu Sekioka 


To determine whether patients with hypertrophic cardiomyopathy (HC) 
have an altered mode of contraction of the left ventricular wall, the 
relation between meridional and circumferential shortening of the left 
ventricular wall was determined by echocardiography in 18 patients with 
HC, and was compared with those in 31 normal subjects and in 19 patients 
with essential systemic hypertension. In normal subjects, no significant 
difference was observed between meridional (16.3 + 2.4%) and circum- 
ferential (17.1 + 4.0%) shortening. In patients with hypertension, all the 
measured indexes were not different from those in normal subjects. In 
patients with HC, meridional shortening was reduced (p <0.001). A 
striking difference was observed between meridional (8.9 + 2.4%) and 
circumferential (16.9 + 3.2%) shortening (p <0.001 ). Echocardiographic 
detection of direction-dependent contraction can be a useful index for 
distinguishing HC from systemic hypertension. 


MESS Ras E MU a ml Mr ST oe a a e 
Myocardial Disarray at Junction of Ventricular Septum and 
Left and Right Ventricular Free Walls in Hypertrophic 
Cardiomyopathy 

Toshiro Kuribayashi and William C. Roberts 


The midwall muscle bundle, which normally is oriented along a circular 
direction surrounding the left ventricular (LV ) cavity, was examined in 47 
autopsied hearts with hypertrophic cardiomyopathy. The LV wall midway 
between the base and apex was divided into 6 segments in the transverse 
plane. Histologically, the circular muscle bundle was lacking largely or 
completely due to marked fascicle disarray in 77% of the anterior and 
posterior junctional segments. In a third of the midventricular septum and 
the anterior and posterior portions of the LV free wall, the midwall layer 
showed disarray of muscle fibers. The lateral LV free wall was devoid of 
disarrayed fibers. The discontinuity of the circular unit at the junctional 
area may be a new morphologic aspect of hypertrophic cardiomyopathy, 
suggesting a developmental mechanism of the myocardial lesions. 
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CONTRAINDICATIONS 
Diltiazem hydrochloride is cor-raindicated in: (1) patients with sick sinus syndrome except in the 
~ presence of a functioning ventsicular pacemaker; (2) patients with second or third degree AV block 
except in the presence of a fumctioning ventricular pacemaker; (3) patients with hypotension (less 
than 90 mmHg systolic); (4) patients who have demonstrated hypersensitivity to the drug; and (5) 
- patients with acute myocardia infarction and pulmonary congestion as documented by X-ray on 
admission. 
. WARNINGS 

1. Cardiac Conduction. Diltiazem hydrochloride prolongs AV node refractory periods without signifi- 
- cantly prolonging sinus node recovery time, except in patients with sick sinus syndrome. This effect 
. may rarely result in abnormally slow heart rates (particularly in patients with sick sinus syndrome) or 
— second, or third degree AV bck (22 of 10,119 patients, or 0.2%); 41% of these 22 patients were 
receiving concomitant 8-adreneceptor antagonists versus 17% of the total group. Concomitant use of 
diltiazem with beta-blockers er digitalis may result in additive effects on cardiac conduction. A 
- patient with Prinzmetal's angira developed periods of asystole (2 to 5 seconds) after a single 60 mg 
.. dose of diltiazem. 
—. 2. Congestive Heart Failure. Allhough diltiazem has a negative inotropic effect in isolated animal tis- 
-. sue preparations, hemodynamz studies in humans with normal ventricular function have not shown 
a reduction in cardiac index nc consistent negative effects on contractility (dp/dt). An acute study of 


. eral diltiazem in patients with mpaired ventricular function (ejection fraction of 24% + 6%) showed 


improvement in indices of vestricular function without significant decrease in contractile function 
(dp/dt). Worsening of congestive heart failure has been reported in patients with preexisting impair- 


—. ment of ventricular function. E-perience with the use of diltiazem hydrochloride in combination with 


beta-blockers in patients with mpaired ventricular function is limited. Caution should be exercised 
when using this combination. 
_ 8. Hypotension. Decreases in 5lood pressure associated with diltiazem hydrochloride therapy may 
. occasionally result in symptorratic hypotension. 
.. 4. Acute Hepatic Injury. Mild eSvations of serum transaminases with and without concomitant eleva- 
tion in alkaline phosphatase and bilirubin have been observed in clinical studies. Such elevations 
were usually transient and frequently resolved even with continued diltiazem treatment. In rare 
— instances, significant elevatiors in alkaline phosphatase, LDH, SGOT, SGPT, and other phenomena 
consistent with acute hepatic injury have been noted. These reactions tended to occur early after 
therapy initiation (1 to 6 weeks) and have been reversible upon discontinuation of drug therapy. The 
wae to diltiazem is urcertain in some cases, but probable in some others (see PRECAU- 
). 


PRECAUTIONS 

General. Diltiazem hydrochlomde is extensively metabolized by the liver and is excreted by the kid- 
neys and in bile. As with any drug given over prolonged periods, laboratory parameters should be 
- monitored at regular intervals. The drug should be used with caution in patients with impaired renal 
- er hepatic function. In subacu:e and chronic dog and rat studies designed to produce toxicity, high 
doses of diltiazem were associated with hepatic damage. In special subacute hepatic studies, oral 
doses of 125 mg/kg and higher in rats were associated with the histological changes in the liver 
which were reversible when the drug was discontinued. In dogs, doses of 20 mg/kg were also associ- 


— ated with hepatic changes; however, these changes were reversible with continued dosing. 


Dermatological events (see ALVERSE REACTIONS) may be transient and may disappear despite con- 

- tinued use of diltiazem hydrochloride. However, skin eruptions progressing to erythema multiforme 
and/or exfoliative dermatitis ave also been infrequently reported. Should a dermatologic reaction 
persist, the drug should be discontinued. 
Although Dilacor™ XR utilizes a slowly disintegrating matrix, caution should still be used in patients 
with preexisting severe gastrointestinal narrowing (pathologic or iatrogenic). There have been no 
reports of obstructive symptoms in patients with known strictures in association with the ingestion of 
Dilacor™ XR. 
Information for Patients. Dilecor™ XR capsules should be taken on an empty stomach. Patients 

should be cautioned that the Dilacor™ XR capsules should not be opened, chewed or crushed, and 
should be swallowed whole. 
Drug Interaction. Due to the potential for additive effects, caution and careful titration are warranted 
in patients receiving diltiazere hydrochloride concomitantly with any agents known to affect cardiac 
contractility and/or conduction (see WARNINGS). Pharmacologic studies indicate that there may be 
additive effects in prolongine AV conduction when using beta-blockers or digitalis concomitantly 
with diltiazem hydrochloride-«(see WARNINGS). As with all drugs, care should be exercised when 
treating patients with multiple medications. Diltiazem hydrochloride undergoes biotransformation by 
cytochrome P-450 mixed function oxidase. Co-administration of diltiazem hydrochloride with other 
agents which follow the same route of biotransformation may result in the competitive inhibition of 
metabolism. Dosages of sim arly metabolized drugs, such as cyclosporin, particularly those of low 


therapeutic ratio or in patiens with renal and/or hepatic impairment, may require adjustment when 


starting or stopping concomiaantly administered diltiazem hydrochloride to maintain optimum thera- 
. peutic blood levels. 
Beta-Blockers: Controlled andi uncontrolled domestic studies suggest that concomitant use of dilti- 
azem hydrochloride and betz-blockers is usually well-tolerated, but available data are not sufficient 
to predict the effects of conce mitant treatment in patients with left ventricular dysfunction or cardiac 
conduction abnormalities. Aaministration of diltiazem hydrochloride concomitantly with propranolol 
in five normal volunteers resalted in increased propranolol levels in all subjects and the bioavailabil- 
ity of propranolol was increased approximately 50%. If combination therapy is initiated or withdrawn 
in conjunction with propramolol, an adjustment in the propranolol dose may be warranted (see 
WARNINGS). 
Cimetidine: A study in six tealthy volunteers has shown a significant increase in peak diltiazem 
plasma levels (58%) and arez-under-the-curve (53%) after a 1-week course of cimetidine at 1,200 mg 
per day and diltiazem 60 mg per day. Ranitidine produced smaller, nonsignificant increases. The 
effect may be mediated by emetidine's known inhibition of hepatic cytochrome P-450, the enzyme 
system responsible for the frst-pass metabolism of diltiazem. Patients currently receiving diltiazem 
therapy should be carefully monitored for a change in pharmacological effect when initiating and 
discontinuing therapy with c-metidine. An adjustment in the diltiazem dose may be warranted. 
Digitalis: Administration o diltiazem hydrochloride with digoxin in 24 healthy male subjects 
increased plasma digoxin concentrations approximately 20%. Another investigator found no 
increase in digoxin levels in 12 patients with coronary artery disease. Since there have been conflict- 
ing results regarding the effect of digoxin levels, it is recommended that digoxin levels be monitored 
when initiating, adjusting, amd discontinuing diltiazem hydrochloride therapy to avoid possible over- 
or under-digitalization (see VARNINGS). 
Anesthetics: The depressionsof cardiac contractility, conductivity, and automaticity as well as the vas- 
cular dilation associated wil anesthetics may be potentiated by calcium channel blockers. When 
used concomitantly, anestheics and calcium channel blockers should be titrated carefully. 
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Carcinogenesis, Mutagenesis, Impairment of Fertility. A 24-month study in rats and an 18-mon 

study in mice showed no evidence of carcinogenicity. There was also no mutagenic response in vit 

or in vivo in mammalian cell assays or in vitro in bacteria. No evidence of impaired fertility w. 

observed in male or female rats at oral doses of up to 100 mg/kg/day. 

Pregnancy. Category C. Reproduction studies have been conducted in mice, rats, and rabbit 

Administration of doses ranging from 4 to 6 times (depending on species) the upper limit of the o 

mum dosage range in clinical trials (480 mg q.d. or 8 mg/kg q.d. for a 60 kg patient) has resulte 

embryo and fetal lethality. These studies have revealed, in one species or another, a propensity’ 

cause abnormalities of the skeleton, heart, retina, and tongue. Also observed were reductions 

— individual pup weights and pup survival, prolonged delivery and increased incidence of sti 
irths. 

There are no well-controlled studies in pregnant women; therefore, use diltiazem hydrochloride 

pregnant women only if the potential benefit justifies the potential risk to the fetus. 

Nursing Mothers. Diltiazem is excreted in human milk. One report suggests that concentrations 

breast milk may approximate serum levels. If use of diltiazem hydrochloride is deemed essential, i 

alternative method of infant feeding should be instituted. 

Pediatric Use. Safety and effectiveness in children have not been established. 

ADVERSE REACTIONS 

Serious adverse reactions to diltiazem hydrochloride have been rare in studies with other formul 

tions, as well as with Dilacor™ XR. It should be recognized, however, that patients with impain 

ventricular function and cardiac conduction abnormalities have usually been excluded from the 

studies. 

The most common adverse events (frequency 21%) in placebo-controlled, clinical hypertension stu 

ies with Dilacor™ XR using daily doses up to 540 mg are listed in the table below with placet 

treated patients included for comparison. 












MOST COMMON ADVERSE EVENTS 
IN DOUBLE-BLIND, PLACEBO-CONTROLLED HYPERTENSION TRIALS* 


Dilacor™ XR Placebo 
Adverse Events n=303 n=87 

(COSTART Term) # pts (%) # pts (% 
rhinitis 29 (9.6) 7 (8.0) 

headache 27 (8.9) 12 (13.8) 
pharyngitis 17 (5.6) 4 (4.6) 
constipation 11 (3.6) 2 (2.3) 
cough increase 9 (3.0) 2 (2.3) 
flu syndrome 7 (2.3) 1(1.1) 
edema, peripheral 7 (2.3) 0 (0.0) 
myalgia 7 (2.3) 0 (0.0) 
diarrhea 6 (2.0) 0 (0.0) 
vomiting 6 (2.0) 0 (0.0) 
sinusitis 6 (2.0) 1 (1.1) 
asthenia 5 (1.7) 0 (0.0) 
pain, back 5 (1.7) 2 (2.3) 
nausea 5 (1.7) 1(1.1) 
dyspepsia 4 (1.3) 0 (0.0) 
vasodilatation 4 (1.3) 0 (0.0) 
injury, accident 4(1.3) 0 (0.0) 
pain, abdominal 3 (1.0) 0 (0.0) 
arthrosis 3 (1.0) 0 (0.0) 
insomnia 3 (1.0) 0 (0.0) 
dyspnea 3(1.0) 0 (0.0) 
rash 3(1.0) 11.1) 
tinnitus 3 (1.0) 0 (0.0) 


* Adverse events occurring in 1% or more of patients receiving Dilacor™ XR. 


The following additional events (COSTART Terms), listed by body system, were reported inf 
quently in all subjects and hypertensive patients who received Dilacor™ XR (n=425): Cardiovascul 
First-degree AV block, arrhythmia, postural hypotension, tachycardia, pallor, palpitations, phlebi 
ECG abnormality, ST elevation; Nervous System: Vertigo, hypertonia, paresthesia, dizziness, somr 
lence; Digestive System: Dry mouth, anorexia, tooth disorder, eructation; Skin and Appendag 
Sweating, urticaria, skin hypertrophy (nevus); Respiratory System: Epistaxis, bronchitis, respirat 
disorder; Urogenital System: Cystitis, kidney calculus, impotence, dysmenorrhea, vaginitis, prosti 
disease; Metabolic and Nutritional Disorders: Gout, edema; Musculoskeletal System: Arthralgia, b 
sitis, bone pain; Hemic and Lymphatic Systems: Lymphadenopathy; Body as a Whole: Pain, uneva 
able reaction, neck pain, neck rigidity, fever, chest pain, malaise; Special Senses: Amblyopia (blurt 
vision), ear pain. 

OVERDOSAGE OR EXAGGERATED RE 

Overdosage experience with oral diltiazem hydrochloride has been limited. The administration 
ipecac to induce vomiting and activated charcoal to reduce drug absorption have been advocated 
initial means of intervention. In addition to gastric lavage, the following measures should also 
considered: 

Bradycardia: Administer atropine (0.60 to 1.0 mg). If there is no response to vagal blockade, admir 
ter isoproterenol cautiously. 

High-Degree AV Block: Treat as for bradycardia above. Fixed high-degree AV block should be trea 
with cardiac pacing. 

Cardiac Failure: Administer inotropic agents (dopamine or dobutamine) and diuretics. 
Hypotension: Vasopressors (e.g. dopamine or levarterenol bitartrate). 

Actual treatment and — should depend on the severity of the clinical situation as well as ! 
judgment and experience of the treating physician. 

Due to extensive metabolism, plasma concentrations after a standard dose of diltiazem can vary o 
tenfold, which significantly limits their value in evaluating cases of overdosage. 

Charcoal hemoperfusion has been used successfully as an adjunct therapy to hasten drug elimi 
tion. Overdoses with as much as 10.8 gm of oral diltiazem have been successfully treated us 
appropriate supportive care. 
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O0 ESE Ee RI ER vere E AREND eee. E E ar Tal 
Intra- and Interobserver Reproducibility of Doppler-Assessed 
Indexes of Left Ventricular Diastolic Function in a Population- 
Based Study (the Framingham Heart Study) 

Maurizio Galderisi, Emelia J. Benjamin, Jane C. Evans, Ralph B. 
D'Agostino, Deborah L. Fuller, Brigitta Lehman, Philip A. Wolf, and 

Daniel Levy 


The reproducibility of a variety of Doppler indexes of diastolic function in 
an epidemiologic setting and in atrial fibrillation have not been reported. 
This study examined the reproducibility of left ventricular inflow in sub- 
jects in sinus rhythm (n = 80) and with atrial fibrillation (n = 12), ran- 
domly selected from the original cohort of the Framingham Study. In 
subjects in sinus rhythm, although the interobserver bias was statistically 
significant for most of the parameters, the percent bias was <10% for all 
but 1 parameter (interobserver acceleration time). For the peak and 
integral measures, the intra- and interobserver correlations were 20.89, 
with intra- and interobserver percent precision measures within 2.2 to 
13.0% of the corresponding mean. The acceleration, deceleration and 
pressure half-time measures had somewhat lower correlations and less 
precision. The analyses of subjects with atrial fibrillation showed similar 
trends. In conclusion, in an epidemiologic setting, the majority of Doppler 
indexes of diastolic function demonstrate excellent measurement repro- 
ducibility, especially the peak and time velocity integral measurements. 


ie HUN, OE S 
Effect of Omega-3 Fatty Acids on the Vascular Response to 
Angiotensin in Normotensive Men 

Dermot Kenny, David C. Warltier, Joan A. Pleuss, Raymond G. 
Hoffmann, Theodore L. Goodfriend, and Brent M. Egan 


A randomized, double-blind, placebo-controlled, crossover study was un- 
dertaken to determine the effects of dietary fish oil versus safflower oil 
substitution on forearm vascular reactivity, 24-hour ambulatory blood 
pressure and systemic hemodynamics in 8 normotensive men. Fish oil 
significantly attenuated the forearm vasoconstrictor response to a sequen- 
tial, intraarterial infusion of angiotensin II but not to norepinephrine or 
phentolamine. Blood pressure and systemic hemodynamics were not dif- 
ferent with the 2 diets. The results suggest that dietary fish oil selectively 
reduces the vascular response to angiotensin. 


1353 

Comparison of Doppler and Two-Dimensional 
Echocardiography for Assessment of Pericardial Effusion 
John J. Schutzman, Timothy P. Obarski, Gregory L. Pearce, and 
Allan L. Klein 


To compare 2-dimensional and Doppler echocardiographic findings in 


pericardial effusions, 28 patients with small to large effusions underwent 
echocardiographic examinations with respiratory monitoring. Percent 
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change in early left ventricular inflow velocities significantly correlated 
with pericardial effusion size (p = 0.001) and right ventricular collapse 
(p = 0.007), and showed a trend with right atrial collapse (p = 0.10). A 
trend was shown when comparing the difference between large effusions 
with and without equalization (p = 0.07). Pericardial effusions with a 
percent change in early left ventricular velocity of >22% were found to 
have right-sided equalization at a 95% confidence interval. Inferior vena 
cava plethora was found to have no significant correlations. Our data 
indicate that respiratory changes in Doppler echocardiographic parame- 
ters are useful in assessing pericardial effusions and tamponade. 


1358 | 

Shock-Wave Thrombus Ablation, a New Method for 
Noninvasive Mechanical Thrombolysis 

Uri Rosenschein, Steven J. Yakubov, Dejan Guberinich, David S. Bach, 
Paul L. Sonda, Gerald D. Abrams, and Eric J. Topol 





Successful experimental and clinical experience with selective thrombus 
ablation using a high-power acoustic energy delivered in a catheter has 
been reported. The goal of this study was to investigate the feasibility of 
noninvasive thrombus ablation by focused high-power acoustic energy. 
Application of focused shock waves significantly reduced thrombus weight 
compared with that of controls (91.0 + 3.9 vs 42.9 + 17.4%; p = 0.0001) 
and caused no apparent gross or microscopic damage to arterial segments. 
Thrombi were uniform in microscopic architecture in test and control 
groups. Application of focused shock waves generates a localized transient 
field of acoustic cavitations at the focal point, which encompassed the 
thrombotic target artery. The data suggest that focused high-power 
acoustic energy can achieve noninvasive thrombus ablation without appar- 
ent damage to the arterial wall. The mechanism operating in shock-wave 
thrombus ablation may be associated with the cavitation effect. 


LSU UE Ear T1 ET Oe RO E T A 5 MORE SER 
Role of Transesophageal Echocardiography in Evaluation of 
Pulmonary Venous Obstruction by Paracardiac Neoplastic 
Masses 

Wei Dong Ren, Gian Luigi Nicolosi, Chiara Lestuzzi, Francesco Antonini 
Canterin, Paolo Golia, Eugenio Cervesato, and Domenico Zanuttini 


The obstruction of individual right upper pulmonary venous flow by com- 
pression of contiguous mass in 4 patients was detected by transesophageal 
echocardiography before and after antineoplastic treatments. Before ther- 
apy, peak velocities and time-velocity integrals in obstructed the right 
upper pulmonary vein were increased and deceleration time of systolic 
flow was prolonged, with reduced diameter of the vein. After therapy, 
peak velocities and time-velocity integrals were reduced and deceleration 
time of systolic flow was shortened, with normalization of diameter of the 
right upper pulmonary vein. Thus, transesophageal echocardiography is a 
reliable and sensitive method for detecting and evaluating pulmonary 
venous obstruction by neoplastic masses. 
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Analysis of Fractional Area Change at Various Levels in the 
Normal Left Ventricle 

Michael J. Domanski, Robert E. Cunnion, and William C. Roberts 


eS ES T MES TNR. See ee ks 22 RR "Ital UP RING cL 5 OR 
Scarring of the Left Ventricular Papillary Muscles in Sickle- 
Cell Disease 

Katherine Berezowski, Gisela C. Mautner, and William C. Roberts 


(r0. PIRESMENOLE UU E ie ee PRISE Ss ee 
Limitations in the Assessment of Changes of Cardiac Output 
by Doppler Echocardiography Under Various Hemodynamic 
Conditions 

Chunzeng Lu, Gian L. Nicolosi, Claudio Burelli, Matteo Cassin, Fabio 
Zardo, Marco Brieda, Eugenio Cervesato, and Domenico Zanuttini 


MEDICAL EQUIPMENT SHOWCASE on pages A65, A66 


CLASSIFIED ADVERTISING on pages A67, A68, A69, A70, 
A71, A72 


A40 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 70 NOVEMBER 15, 1992 






CORONARY ARTERY DISEASE 


Ine 
American 


Journal 
O 
Cardiology 









NOVEMBER 15, 1992, VOL. 70, NO. 15 


Usefulness of Ultrafast Magnetic Resonance 
Imaging in Healed Myocardial Infarction 


F. Paul van Rugge, MD, Ernst E. van der Wall, MD, Paul R. M. van Dijkman, MD, 
Hans W. Louwerenburg, MD, Albert de Roos, MD, and Albert V. G. Bruschke, MD 


The value of ultrafast magnetic resonance imaging 
(MRI) in the assessment of dynamic contrast en- 
hancement and myocardial perfusion abnormali- 
ties was evaluated in 20 patients with healed myo- 
cardial infarction, who also underwent 2-dimen- 
sional echocardiography. At baseline and after 
bolus injection of the paramagnetic contrast agent 
gadolinium-diethylenetriaminepentaacetic acid 
(DTPA) (0.04 mmol/kg body weight), single-level 
short-axis MRI was performed every third RR in- 
terval with an acquisition time of 500 ms. Myocar- 
dial signal intensities were measured in trans- 
mural myocardial regions of interest. After gado- 
linium-DTPA injection, infarcted and normal 
myocardium demonstrated a signal intensity en- 
hancement of 50 and 134%, respectively (p 
<0.001). A signal intensity of normal relative to 
infarcted myocardium increased from 1.25 + 0.22 
(SD) before to 1.91 + 0.41 after gadolinium- 
DTPA (p <0.001). The rate of signal increase in 
the infarcted and normal myocardium was 5.17 + 
2.22 and 18.99 + 9.96 s^! (p <0.001), respective- 
ly. Ultrafast MRI using gadolinium-DTPA bolus 
administration clearly identifies myocardial perfu- 
sion abnormalities in patients with healed myocar- 
dial infarction. The infarct site on MRI corre- 
sponded with the location of wall motion asynergy 
determined by echocardiography. It is concluded 
that gadolinium-DTPA-enhanced ultrafast MRI 
provides noninvasive assessment of myocardial 
perfusion in patients with proven coronary artery 
disease. 

(Am J Cardiol 1992;70:1233-1237) 
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assessment of abnormalities in myocardial per- 

fusion in patients with known or suspected coro- 
nary artery disease has important therapeutic! and 
prognostic? consequences. Magnetic resonance imaging 
(MRI) is an emerging noninvasive technique providing 
cardiac images with a high spatial resolution to depict 
cardiac anatomy and morphology. Its 3-dimensional na- 
ture and multiplanar imaging capabilities are achieved 
without exposure to ionizing radiation. Spin-echo MRI 
with and without administration of paramagnetic con- 
trast agents has been shown to be effective for diagnos- 
ing ischemic heart disease,? pericardial disease,* congen- 
ital heart disease? and great vessel disease. Cine-MRI 
using gradient-echo sequences improves temporal reso- 
lution sufficiently to identify end-diastole and end-systo- 
le,’ thereby enabling measurements of global and re- 
gional left ventricular function.5-!? However, these con- 
ventional MRI sequences are hampered by rather long 
imaging times since image data are acquired from sev- 
eral cardiac cycles. Furthermore, image quality de- 
grades with respiratory chest wall motion, cardiac ar- 
rhythmias and patient motion. Recently, ultrafast or 
subsecond techniques have been developed, requiring a 
fraction of a second for image acquisition.!!-!* Ultrafast 
MRI with use of paramagnetic contrast agents has been 
shown to provide assessment of cardiac first-pass and 
myocardial perfusion in normal human subjects!?:!^ and 
patients with severely stenosed coronary arteries.!? This 
study was designed to evaluate the clinical feasibility of 
ultrafast MRI in conjunction with bolus administration 
of the paramagnetic contrast agent gadolinium-dieth- 
ylenetriaminepentaacetic acid (gadolinium-DTPA) to 
assess myocardial perfusion defects in patients with 
healed myocardial infarction. 


D evelopment of imaging methods for the accurate 


METHODS 

Patients: Twenty patients (18 men, 2 women, mean 
age 61 + 9 years, range 43 to 72) with a healed myo- 
cardial infarction were studied by electrocardiographic 
gated ultrafast MRI. In each patient the diagnosis of 
healed myocardial infarct was confirmed by pathologic 
Q waves on the electrocardiogram after a previous his- 
tory of acute myocardial infarction followed by a typi- 
cal elevation of serum levels of creatine kinase enzymes. 
The infarct location was anterior in 14 and inferior in 6 
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patients. The interval between the onset of symptoms 
and the present study was 3.3 + 3.7 years. All patients 
were clinically stable and in sinus rhythm. Patients with 
postinfarction angina, valvular heart disease, left ven- 
tricular hypertrophy, heart failure, pacemaker implan- 
tation, claustrophobia and cerebral vascular clips did 
not participa-e in this study. All medical therapy was 
continued during the study protocol. No patient was 
treated with dipyridamole. Before undergoing MRI, 
each patient gave informed consent in accordance with 
the ethical standards on human experimentation at our 
institute. 

Two-dimensional echocardiography: Before MRI, 
each patient underwent 2-dimensional echocardiogra- 
phy. The eleetrocardiographic-defined site of infarction 
could be confirmed on the echocardiogram as demon- 
strated by well motion abnormalities. Consequently, the 
short-axis echocardiograms allowed optimal plane selec- 
tion for MRI to ensure image acquisition in the infarct- 
ed region. 

With the patient in the left lateral decubitus posi- 
tion, 2-dimeasional echocardiography was performed 
with commencially available equipment (Hewlett-Pack- 
ard 3.5 Mhz transducer). Whenever possible, multiple 
images were obtained in the parasternal short- and 
long-axis, and apical 2- and 4-chamber views. Segmen- 
tal wall motion was qualitatively graded as hyperkinet- 
ic, normal, iypokinetic, akinetic and dyskinetic. All 
echocardiograms were analyzed without knowledge of 
the clinical findings. 

Ultrafast magnetic resonance imaging: The MRI 
studies were performed using a whole-body supercon- 
ducting magnet (Philips Gyroscan ACS) operating at 
1.5 Tesla. Electrocardiographic-triggered single-slice 
images of the heart were acquired in a short-axis plane 
of the heart, which was derived from sagittal and cor- 
onal scout views followed by double oblique angulation. 
The selected level of the short-axis plane was based on 
the location ef wall motion asynergy derived from echo- 
cardiography. The electrocardiographic signal was re- 
corded simultaneously and transmitted by telemetry to 
a remote receiver (Hewlett-Packard) to trigger the ac- 
quisition accerding to the R wave. After a trigger delay 
of 50 ms from the R wave of the electrocardiogram, the 
procedure was adjusted by adding wide area inversion 
prepulses of 180°, which resulted in T1-weighted con- 
trast and saturated the inflowing blood in the imaging 
plane. Slice thickness was 12 mm, and the area of pre- 
saturation was composed of the imaging slice and 2 ad- 
jacent areas, with a total length of 240 mm. 

The ultrefast MRI method consisted of radiofre- 
quency excitations with a repetition time of 7.8 ms and 
an echo time of 4 ms. Imaging time for 1 image was 
approximately 500 ms with 64 phase-encoding steps (64 
X 128 matrix), which were applied after a prepulse de- 
lay of 200 ms. In all patients, successive images were 
acquired at early diastole. For display purposes the im- 
ages were coaverted to a 256 X 256 matrix. The field of 
view was 35C mm^. The flip angle of the radiofrequency 
pulses was 25?. The trigger and prepulse delays were 
experimentally determined to null the signal from the 
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left ventricular myocardium. The sequence timing was 
as follows: every third R wave — trigger delay (50 ms) 
— spatial presaturation inversion pulse — prepulse de- 
lay (200 ms) — 64 phase-encoding steps. Accordingly, 
the earliest moment for image acquisition was approxi- 
mately 500 ms after the R wave. After performance of 
4 baseline MRI scans, all subjects received a bolus in- 
jection of gadolinium-DTPA (0.04 mmol/kg body 
weight) into the antecubital vein. The injection of gado- 
linium-DTPA was performed manually at the highest 
rate possible, followed by rapid injection of a physiolog- 
ic saline solution (5 ml 0.9% sodium chloride) to create 
a compact bolus. The mean duration of the injection 
was 2.5 + 0.4 seconds. Sequential electrocardiographic- 
triggered images were obtained every third RR interval, 
allowing full T1 relaxation, up to 2 minutes after injec- 
tion. The total MRI time for 1 patient examination was 
7 minutes. 

Magnetic resonance imaging analysis: The MRI re- 
cordings were transferred to a Gyroview HR worksta- 
tion. Quantitative analysis of the signal enhancement 
was performed with computer-assisted measurements of 
the signal intensities. Myocardial signal intensities were 
measured on each image before and after administra- 
tion of gadolinium-DTPA. Normal myocardium was 
considered to be present opposite to the predetermined 
known infarcted area. The transmural myocardial re- 
gions of interest were manually drawn using a trackball 
cursor and consisted of 16 pixels. We carefully excluded 
the intraluminal blood and the epicardial fat from these 
measurements. Subsequently, in each myocardial region 
mean signal intensity was computed. Also, mean signal 
intensity of the left ventricular cavity was determined in 
a 64 pixel-sized (8 by 8 area) region of interest. 

During sequential dynamic scans, the signal intensi- 
ty before administration of gadolinium-DTPA (pre) 
was determined, as well as the maximal signal intensity 
after gadolinium-DTPA (post). Subsequently, the fol- 
lowing intensity ratios were calculated in order to assess 
the relative changes in signal intensities: normal (N) 
relative to infarcted (I) myocardium before (N/I-pre) 
and after (N/I-post) gadolinium-DTPA; infarcted 
myocardium after gadolinium-DTPA relative to in- 
farcted myocardium before gadolinium-DTPA (Ipost/ 
Ipre); and normal myocardium after gadolinium- 
DTPA relative to normal myocardium before gadolini- 
um-DTPA (Npost/Npre). 

Statistical analysis: The data are presented as mean 
+ standard deviation. Differences between paired data 
were analyzed by 2-tailed paired t test, and differences 
between groups were analyzed by unpaired : test. A p 
value «0.05 was considered statistically significant. Lin- 
ear regression analysis was used to calculate the rate of 
increase in myocardial signal intensity, which was de- 
fined as the slope of the sequential signal intensities to 
the maximal value and expressed in s™!. 


RESULTS 
Echocardiographic findings (Table I): An acceptable 


acoustic window was found in all patients. Two-dimen- 
sional echocardiography demonstrated regional wall 
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TABLE I Clinical, Echocardiographic and Magnetic Resonance Imaging Data in Patients with Healed Myocardial Infarction 


Clinical and Echocardiographic Findings 





ECG leads 
with Q Waves 


Infarct 
Age (yr) 


Regional Wall 
Motion Abnormalities 


Age (yr) 
Pts & Sex 


Vi-V3 
Vi-V3 
V1-Ve 
V1—V5 
V1-V4 
Vi1-Ve 
Vi-V4 
V1-V5 
Vi-V4 
Vi-V4 
Vi—V3 
V1-V4 
V2—V5 
IL HL AVF 
I,II, AVF 
Il, HI AVF 
Il HLAVF 
Il HILL AVF 
Il, HL AVF 


Anteroseptal H + apical D 
Septoapical A 

Septoapical A 

Septoapical D 

Septoapical A 

Septoapical A + lateral A 
Anterior A + apical D 
Septoapical D + anterior D 
Septoapical H 

Septoapical A + anterior H 
Anteroapical H + septal A 
Septoapical A 

Anterior H + apical A 
Posterior H 


(| 0) 0» 0! à» C) ^5 — 


Posterolateral A 
Posterolateral A 
Inferolateral H 

Inferoposterior A 


*Differs significantly from N/I Pre (p < 0.001). 
tDiffers significantly from Ipost/Ipre (p « 0.001). 
Differs significantly from Slope-l (p « 0.001) 


Inferoseptal + inferoposterior A 


Ultrafast Magnetic Resonance Imaging Findings 





N/IPre Ni/I Post Ipost/Ipre Npost/Npre  Slope-|  Slope-N 


1.99 
1.06 
1.63 
1.39 
1.58 
1.10 
1.37 
1.31 
1.32 
1.47 
1.39 
1.48 
1.83 
1.57 
1.97 
1.61 
1.30 
1.68 
1.46 


1.50 
+0.25 


2.06 
2.30 
1.85 
1.60 
2.15 
1.54 
2.05 
1.16 
1.91 
1.63 
1.54 
1.70 
1.53 
2.33 
2.49 
2.35 
2.74 
1.60 
1.80 


1.91* 
+0.41 


A = akinesia; D = dyskinesia; DTPA = diethylenetriaminepentaacetic acid; H = hypokinesia; | = infarcted myocardium; N = normal myocardium; Post = signal intensity after 
gadolinium—DTPA administration; Pre = signal intensity before gadolinium—DTPA administration; Slope = the rate of signal increase after gadolinium—DTPA injection. 


motion abnormalities and confirmed the electrocardio- 
graphic site of infarction. Details of the echocardio- 
graphic findings are listed in Table I. 

Ultrafast magnetic resonance imaging findings (Ta- 
ble I): The short-axis MRI tomograms were of good 
quality in 19 patients. In 1 patient the images displayed 
multiple artefacts and these images were excluded for 











FIGURE 1. Series of 6 sequential ultrafast short-axis magnet- 
ic resonance images after bolus administration of gadolinium— 
diethylenetriaminepentaacetic acid in a patient with healed 
myocardial infarction of the anteroseptal wall. Note, at base- 
line, the dark appearance of the blood pool due to spatial pre- 
saturation. After gadolinium administration, sequential signal 
intensity enhancement is observed in the right ventricular cav- 
ity (upper right panel), left ventricular cavity (lower left and 
middle panel), and left ventricular myocardial wall. Finally, a 
decreased signal intensity is observed in the infarcted antero- 
septal myocardial region (arrows), compared with the normal 
posterolateral region. 





further analysis. No adverse effects were observed after 
the bolus injection of the gadolinium-DTPA. Figures 1 
and 2 illustrate 6 sequential dynamic ultrafast MRI in 
the short-axis plane in a patient with a healed myocar- 
dial infarction of the anteroseptal wall (Figure 1) and 
in a patient with a healed myocardial infarction of the 
inferior wall (Figure 2). Before administration of gado- 
linium-DTPA, the blood pool appeared to be dark, con- 
sistent with the spatial presaturation and T1 weighting. 
After administration of gadolinium-DTPA, progressive 
signal enhancement was sequentially observed in the 
right ventricular cavity, the pulmonary vasculature and 
the left ventricular cavity. Finally, a pronounced en- 
hancement of signal intensity in normal myocardial re- 





diethylenetriaminepentaacetic 

myocardial infarction of the inferior wall. Ultimately, a de- 
creased signal intensity is observed in the infarcted inferior 
myocardial area (arrows), compared with the normal anterior 
region. 
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gions occurred compared with those of infarcted areas. 
Figure 3 graphically illustrates the increase in signal in- 
tensities of the left ventricular cavity and myocardial 
regions after bolus administration of gadolinium-DTPA 
in the same patient as in Figure 1. The infarcted region 
demonstrated a delayed signal increase and decreased 
peak signal intensity compared with the normal myo- 
cardial regior. 

Before gadolintum-DTPA injection, the infarcted 
region could aot be discriminated from normal myocar- 
dium in 5 petients (nos. 2, 6, 8, 13 and 18, Table I) 
because of identical intensity ratios. However, after 
gadolinium-DTPA, all patients demonstrated a greater 
increase in signal intensity of normal than of infarcted 
myocardium Before administration of gadolinium- 
DTPA, the mean N/I-pre was 1.25 + 0.22 (Table I) 
and after belus injection of gadolinium-DTPA the 
mean N/I-pest increased to 1.91 + 0.41 (p «0.001, Ta- 
ble I). After zadolinium-DTPA injection, the infarcted 
myocardium demonstrated a signal intensity enhance- 
ment of 50% compared with 134% in the normal myo- 
cardium: the mean Ipost/Ipre ratio and the Npost/ 
Npre ratio were 1.50 + 0.25 and 2.34 + 0.68, respec- 
tively (p «0201, Table I). The rate of signal increase 
over time (upslope) in the infarcted myocardium was 
lower than m normal myocardium (5.17 + 2.22 vs 
18.99 + 9.96 s^!, p «0.001, Table I). There were no 
differences im signal intensity between hypokinetic re- 
gions and akmetic or dyskinetic regions (p = not signifi- 
cant). 


DISCUSSION 

Feasibilit; of ultrafast magnetic resonance imag- 
ing: Our results indicate that ultrafast MRI is a feasible 
imaging method to assess myocardial perfusion abnor- 
malities in patients with myocardial scar due to prior 
myocardial infarction. It could be demonstrated that re- 
gions with wall motion abnormalities on echocardiogra- 
phy exhibited myocardial perfusion abnormalities on 
MRI. In patients with healed myocardial infarction we 
demonstrated much less signal enhancement in the 
myocardial sar than in the noninfarcted myocardial re- 


—— 


gions after gadolinium-DTPA. Infarcted myocardium 
could be accurately discriminated from normal myocar- 
dium since contrast between these areas increased from 
25% before to 91% after gadolinium-DTPA. 
Usefulness of paramagnetic contrast agents in 
healed myocardial infarction: Several experimental 
MRI studies in myocardial ischemia and infarction 
demonstrated the potential of gadolinium-DTPA to 
enhance the contrast between infarcted and normal 
myocardium. Using gadolinium-DTPA enhanced T1- 
weighted spin-echo MRI in a rat heart model, Holman 
et al!ó showed that, if gadolinium-DTPA is distributed 
in the myocardium during regional differences in blood 
flow, differences in MRI signal intensity result from dif- 
ferences in T1 relaxation times between normal and 
nonperfused areas. In a canine model with partial oc- 
cluded left anterior descending coronary arteries, Miller 
et al!’ used spin-echo MRI with constant infusion of 
gadolinium-DTPA and demonstrated a highly signifi- 
cant correlation between the increase in MRI signal in- 
tensity and the increase in myocardial blood flow as- 
sessed by radioactive microspheres. In patients with an 
acute myocardial infarction, Van Dijkman et al!® per- 
formed gadolinium-DTPA enhanced spin-echo MRI in 
different stages after the event. The investigators found 
a diminished enhancement in signal intensity after gad- 
olinium-DTPA when MRI was performed >6 weeks 
after the acute myocardial infarction. Eichstaedt et al!? 
demonstrated in 15 patients, who were examined by 
gadolinium-DTPA-enhanced MRI in the healed phase 
of a myocardial infarction, no significant contrast en- 
hancement after gadolinium-DTPA administration. 
Our data are consistent with those from these previ- 
ous studies!*!? describing reduced signal intensity en- 
hancement in healed myocardial infarction. However, 
these studies used conventional spin-echo MRI se- 
quences requiring long imaging times. These techniques 
acquire averaged images in several minutes (beat-aver- 
aging) and are, therefore, not capable of providing mea- 
surements of cardiac first-pass and perfusion dynamics. 
The ultrafast MRI sequence in our study approximates 
real-time imaging with an acquisition time of 500 ms. 
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FIGURE 3. Graph of alterations in region- 


region 
those of the normal myocardial region. 
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In our study, the healed infarcted regions showed a 
signal enhancement of 50%. However, it has been dem- 
onstrated that even transmural infarcts incorporate is- 
lets of viable myocardium at the borderzone between 
fibrotic and normal tissue,2°:?! which may result in ac- 
cumulation of an interstitial agent such as gadolin- 
ium-DTPA. In addition, precise properties of the tissue 
distribution of gadolinium-DTPA as well as the behav- 
ior at high flow rates are still not known.? To obtain 
these data, interstitial gadolinium concentration and 
myocardial blood flow should be measured. 

Clinical implications: Analysis of dynamic first pass 
in the cardiac chambers and distribution of contrast 
agents in the myocardial wall may extend the role of 
MRI in clinical practice. Rapid image acquisition is the 
most evident advantage of ultrafast MRI. As a conse- 
quence, image blurring and artefacts arising from high 
breathing frequency, patient motion due to musculo- 
skeletal discomfort, and cardiac rhythm disturbances 
may be overcome. Using this application, patients with 
atrial fibrillation and frequent ectopic beats are no long- 
er precluded from MRI. Shortened imaging time im- 
proves patient comfort within the magnet bore resulting 
in increased patient tolerance. 

The next challenge of clinical ultrafast MRI in the 
setting of myocardial perfusion studies is the develop- 
ment and performance of a pharmacologic stress testing 
during ultrafast MRI. In patients with suspected or 
proven coronary artery disease, vasodilating agents, 
such as dipyridamole? and adenosine,?^ are well suited 
to induce a flow maldistribution between territories sup- 
plied by a stenosed vessel and those by normal vessels. 
During pharmacologic vasodilation, ultrafast MRI may 
become a new approach to detect multivessel disease 
and residual jeopardized myocardium in patients who 
survived acute myocardial infarction. 

Study limitations: A first limitation is the acquisition 
of 1 tomographic image every 3 cardiac cycles, instead 
of during each RR interval. Development of new soft- 
ware may improve the temporal resolution. Second, the 
acquisition of a single short-axis slice during the current 
application precludes tomographic imaging of the entire 
heart. Therefore, assessment of infarct size could not be 
performed. In addition, without prior localization of 
wall motion asynergy, the location of the infarcted area 
can be missed. Third, we did not compare MRI findings 
with a radioactive marker of myocardial perfusion. 
However, until there is an ability to actually quantitate 
blood flow in zones of ischemia or infarction, the MRI 
technique has enhanced capabilities compared with the 
current less expensive noninvasive approaches. In our 
study, we relied on the functional results of impaired 
perfusion as shown by echocardiography. Fourth, al- 
though our study design necessitated inclusion of pa- 
tients with echocardiographic wall motion abnormalities 
and healed infarction, we could have been biased in the 
interpretation of the MRI scans due to previous knowl- 
edge of the location of the wall motion abnormalities. 
To circumvent this bias, future studies should include 
patients without infarction in order to obtain valuable 
information concerning sensitivity and specificity for de- 
tecting CAD. Similarly, such a study should contain pa- 


tients with non-Q-wave infarction and patients with un- 
stable angina. 
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Placebo Effect of Nitrate Monotherapy for 
Myocardial Ischemia 


Angas W. F. Hamer, MD 


Nitrate monotherapy was assessed by treadmill 


exercise stress testing in 18 patients with signifi- 
cant but relatively asymptomatic myocardial is- 
chemia who were receiving no other antianginal 
therapy. In addition, prolonged ambulatory elec- 
trocardiographic monitoring was performed in 7 
patients with demonstrable ischemia during base- 
line monitcring. After baseline assessment, 5 
treatment periods were used in a random order 
(each of 1 week duration), incorporating 2 dose 
levels of transdermal nitrate (10 and 20 mg/24 
hours) and isosorbide dinitrate (ISDN) (30 and 60 
mg/day in divided doses) with a 10-hour nitrate- 
free interval every 24 hours, as well as a placebo 
period using a double-blind technique. All treat- 
ment periods (including placebo) showed a signifi- 
cant (p «O0 01) 45 to 69% prolongation in the time 
to 1 mm ST depression during exercise. Paired 
baseline times of 231 + 28 and 233 + 30 seconds 
increased to 367 + 37 seconds with 30 mg/day of 
ISDN, 393 + 37 seconds with 60 mg/day of ISDN, 
381 + 31 seconds with 10 mg/day of transdermal 
nitrate, and 372 + 33 seconds with 20 mg/day of 
transdermal nitrate. The value for placebo was 
342 + 29 seconds, which was not significantly dif- 
ferent from active treatment (p >0.1). Some pa- 
tients appeared to individually respond to - 1 ni- 
trate preparation significantly more than to place- 
bo, but this appeared to be unpredictable and 
largely independent of dosage level and route of 
administration. There was a qualitatively similar 
but statist cally insignificant reduction in total 
ischemic time during ambulatory monitoring. No 
significant effects on total exercise duration or 
heart rate 'systolic pressure product at 1 mm ST 
depression or end exercise were observed. 

It is comcluded that nitrate monotherapy pro- 
duces a clinically important effect in delaying the 
onset of nryocardial ischemia during exercise, but 
there was also a large placebo response in this 
particular patient group, and thus, no drug-specif- 
ic effects ef nitrate monotherapy on myocardial is- 
chemia could be reliably demonstrated. 

(Am J Cardiol 1992;70:1238-1242) 
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itrate therapy for symptomatic myocardial ische 

mia is a long-standing but controversial treat 

ment.'? Continuous therapy using transderma 
or oral preparations has been shown to become ineffec 
tive owing to drug tolerance, and thus recent studies?- 
reexamined the efficacy of transdermal nitrates using : 
daily nitrate-free interval. An important deficiency o 
these studies has been that few patients have been as 
sessed using nitrates as monotherapy. In this study, pa 
tients were selected as having relatively asymptomati: 
myocardial ischemia so as to allow monotherapy with : 
nitrate preparation, and 2 types of nitrate preparation: 
(oral isosorbide dinitrate [ISDN] and a transdermal ni 
trate) were used at 2 dosage levels. Exercise electro 
cardiographic stress testing and prolonged ambulator 
electrocardiographic recordings were obtained as thi 
most objective methods of evaluation of myocardial is 
chemia. 


METHODS 

Patients: Patients were entered in the study (afte 
giving informed consent) if they had 21 mm of flat o 
downsloping ST depression in 21 of 12 electrocardio 
graphic leads during a symptom-limited treadmill exer 
cise test, and minimal or no angina pectoris, enablin; 
the performance of a placebo-controlled trial of mono 
therapy with nitrate preparations. Patients were exclud 
ed from the trial if they had unstable angina or myocar 
dial infarction within 3 months of testing, significan 
baseline electrocardiographic changes affecting inter 
pretation of the stress test (including changes from di 
goxin therapy), or other concurrent medical condition: 
of significance. 

Screening for high-dose nitrate tolerance: Befor: 
beginning the trial, each patient was given 2 days o 
treatment with 2 active 10 mg transdermal patches, ap 
plied from 0800 to 2200 hours, followed by 2 days o 
ISDN (20 mg) administered at 0800, 1300 and 180( 
hours. Intolerable side effects from either medicatioi 
excluded patients from further participation in the trial 

Study design (Figure 1): The trial comprised ' 
treadmill exercise electrocardiographic stress tests, an 
2] prolonged (up to 72 hours) ambulatory electrocar 
diographic recording. The first 2 treadmill exercise test 
were performed without any cardiac medication as : 
baseline on 2 mornings 1 week apart. Each subject wa 
required to have <15% variation in the time to 1 mn 
ST depression. For times «60 seconds, <20% variatioi 
was allowed. Between the 2 tests, baseline ambulator 
electrocardiographic monitoring was performed to fim 
asymptomatic myocardial ischemia. Only patients wit] 
ischemia underwent further monitoring during subse 
quent treatment periods. 

Subjects with reproducible exercise test times to - 
mm ST depression were then randomized to 5 treat 


1238  TH- AMERICAN JOURNAL OF CARDIOLOGY VOLUME 70 NOVEMBER 15, 1992 


ment periods, each lasting 1 week, in varying order. 
Each subject wore 2 transdermal patches (transiderm 
nitro, CIBA-GEIGY) from 0800 to 2200 hours and re- 
ceived 2 X 10 mg of ISDN tablets orally at 0800, 1300 
and 1800 hours each day, thus incorporating a 10-hour 
nitrate-free interval. The trial was double blind, substi- 
tuting placebo tablets or patches where required, so as 
to effect a treatment schedule comprising low-dose (30 
mg/day) or high-dose (60 mg/day) ISDN therapy, and 
low-dose (10 mg/24 hours) and high-dose (20 mg/24 
hours) transdermal patch treatment, as well as an all- 
placebo treatment period. 

Each weekly treatment period was preceded by a 24- 
hour washout period (no medication used) and then 7 
days of treatment, with an exercise test performed on 
the seventh day of treatment approximately 2 hours af- 
ter the morning dose of tablets and application of patch- 
es. If needed, prolonged ambulatory monitoring was 
performed on days 3 to 6. No other concurrent antian- 
ginal medications (including aspirin) were allowed dur- 
ing the 7-week trial. 

Exercise testing: The Bruce protocol was used to 
perform symptom-limited treadmill exercise testing us- 
ing a Marquette case II computerized system. A contin- 
uous ST-segment/time graph was generated from sig- 
nal-averaged data for each of the 12 electrocardio- 
graphic leads, and the lead showing the earliest onset of 
1 mm ST depression in the baseline studies was used for 
subsequent analysis during the treatment phases; in 
most patients, this was lead Vs. The following end 
points were recorded: (1) time to 1 mm horizontal 
or downsloping ST depression, (2) heart rate/systolic 
blood pressure product at 1 mm ST depression, (3) total 


exercise duration, and (4) peak heart rate/systolic pres- 
sure product. The time to onset of angina was usually 
unavailable. 

Ambulatory monitoring: Prolonged ambulatory elec- 
trocardiographic monitoring was performed using 3 
leads (modified V;, V3 and Vs), and the tape recording 
was analyzed by a Marquette 8000 T system. Ischemic 
episodes were defined as flat or downsloping ST depres- 
sion of Z1 mm lasting 260 seconds, with separate epi- 
sodes 2760 seconds apart. Careful verification was per- 
formed by hard copy inspection. Only patients with 
ischemic episodes in their baseline recording were re- 
peatedly monitored during the treatment periods. 

Statistical analysis: The test end points were com- 
pared between baseline and the 5 treatment periods us- 
ing paired analysis of variance, paired ¢ tests and Wil- 
coxon rank sum tests. Similarly, a comparison of place- 
bo to active treatment groups was performed. 


RESULTS 

Nineteen patients (17 men and 2 women, aged 53 to 
78 years) entered the treatment period of the trial. One 
patient dropped out 2 weeks later with unstable angina, 
leaving 18 patients for final analysis. Several patients 
were excluded before treatment, because of unaccept- 
able nitrate side effects. No patient failed the reproduc- 
ibility test of their baseline exercise study. 

The reason for the original exercise test (before 
baseline) in these 18 patients was for the investigation 
of chest pain (n = 7), breathlessness (n = 2), postinfarc- 
tion (n = 7), postbypass surgery (n = 1) and post angio- 
plasty (n 7 1). Eleven patients had a previous myocar- 
dial infarction. Two patients previously had coronary 
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FIGURE 1. Protocol for trial, indicating timing of procedures during baseline and 5 treatment periods. Prolonged ambulatory 
monitoring was not repeated if no ambulatory ischemia was demonstrated during baseline study. 
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TABLE | Exercise Test Data 


Baseline Placebo 


19,509 + 940 
18,907 + 1,028 


Rate/pressuresproduct at 1 mm 
ST depressien 
Rate/pressuresproduct at 


end-exercise 26,504 + 1,118 
Total exercise ime (sec) 486 + 33 564 + 32 
507 + 36 


All values are raean + SE. 


bypass surgery and 1 coronary angioplasty. Ten patients 
had history əf angina pectoris, which was not limiting or 
frequent at -he time of entry in the trial. Coronary angi- 
ography wes performed in 15 patients; a significant 
(25096 cross-sectional narrowing) 1-vessel stenosis was 
present in 3 patients, 2-vessel disease was present in 4, 
and multivessel disease was present in 8, including a 
50% left main stenosis in 1. Five patients had normal 
left ventricular function, and the remainder had mild 
segmental ventricular dysfunction. The 3 patients who 
did not undergo angiography had previously had 21 
myocardial infarction. 

During baseline exercise testing, ST-segment depres- 
sion was >! mm in all 18 patients, and during Z1 base- 
line test wes >2 mm in 16 patients, >3 mm in 8 pa- 
tients, >4 ram in 6 patients, and >5 mm in 3 patients. 
However, despite a considerable amount of myocardial 
ischemia during exercise, only 1 patient had reproduc- 
ible angina pectoris during baseline exercise testing. 
Four other patients had angina on exercise on 1 occa- 
sion only, either during baseline testing or in a treat- 
ment period. The remaining 13 patients had no angina 
pectoris du-ing the entire study period. 

Exercise testing: The mean time to 1 mm ST de- 
pression (+ SEM) in the 2 baseline studies was 231 + 
28 and 233 + 30 seconds, respectively (Figure 2). Dur- 
ing treatment, the mean time to 1 mm ST depression 
increased s gnificantly (p 0.001) by 58 to 69% to 367 
+ 37 and 393 + 37 seconds with ISDN (30 and 60 
mg/day, respectively), and 381 + 31 and 372 + 33 sec- 


Time to 1 mm ST depression 
* p«0.01 compared with baseline 


Isosorbide Dinitrate Transdermal Nitrate 


30 mg/Day 60 mg/Day 10 mg/24 Hours 20 mg/24 Hours 


20,647 + 1,153 20,684 + 1,2216 20,926 + 1,276 20,866 + 1,030 29,694 + 1,255 


27,366 + 1,209 26,405 + 1,308 25,515 € 1,473 25,796 + 1,104 26,830 + 1,198 26,776 + 1,229 


575 x: 29 590 + 26 671.32 554 + 32 


onds with transdermal nitrate (10 and 20 mg/24 hours 
respectively). A 220% increase in exercise time was ob 
served in 17 of 18 patients with 21 nitrate preparation 
with 14 or 15 patients "responding" to each nitrate, anc 
11 responding to all 4 preparations. However, there 
was also a marked placebo effect, with a 45% increase 
to a mean value of 342 + 29 seconds during the all. 
placebo treatment phase (p = 0.008). Thirteen patient: 
had 22096 increase in exercise time with placebo. Al: 
though the mean times to 1 mm ST depression during 
the nitrate treatment periods were increased comparec 
with those during placebo, this was not statistically sig: 
nificant (p >0.1). However, 13 patients were true ni. 
trate responders (220% increase in time over placebo) 
to =1 nitrate preparation (6 to 8 responding to eacł 
preparation), although only 2 responded to all nitrate 
treatments. Six patients showed a dose-response relatior 
(i.e., a greater response to the higher than to the lowei 
dose, or a response to the higher dose only). 

There were small (8 to 9%), statistically insignifican 
increases in rate/pressure product at 1 mm ST depres: 
sion for the treatment phases compared with for base 
line, but no increase in the rate/pressure product at the 
end of exercise (Table I). Similarly, increases of 12 t« 
19% in total exercise time were observed in all treat. 
ment phases, but did not reach statistical significance 
Placebo was comparable to active treatment in all cases 

Ambulatory electrocardiographic monitoring (Fig 
ure 3): Only 7 of 18 patients had asymptomatic myo 
cardial ischemia during baseline electrocardiographi 


FIGURE 2. Times to 1 mm ST depression 
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monitoring and thus had repeated monitoring during 
therapy. The duration of monitoring was constant for 
each patient (31 to 67 hours across the group). The to- 
tal duration of ischemia during the nitrate treatment 
period (0800 to 2200 hours) varied from 4.2 to 189.0 
minutes (mean 80 + 24) during the baseline study. The 
duration of ischemia was reduced by all active treat- 
ments (ISDN [30 and 60 mg/day]: 18 + 5 and 29 + 17 
minutes, respectively; transdermal nitrate [10 and 20 
mg/day]: 26 + 14 and 59 + 36 minutes, respectively), 
but the reduction from baseline only reached borderline 
statistical significance for 30 mg/day of ISDN (p= 
0.05). Placebo produced a reduction in ischemic time 
comparable to active treatment (37 + 15 minutes). 
During the nitrate-free period (2200 hours to 0800 
hours the next day), there was frequently no ischemia 
detected, or it was markedly reduced in duration com- 
pared with during treatment. No rebound ischemia was 
apparent. 

Side effects: All 18 patients had side effects during 
7] nitrate treatment period, with between 7 and 11 pa- 
tients having side effects in each period. Headache was 
the most frequent complaint. Two patients complained 
of side effects with placebo treatment, 1 of which ap- 
peared unrelated to therapy. 


DISCUSSION 

This study using nitrate preparations to modify the 
occurrence of myocardial ischemia on exercise testing 
showed that each of the drug/dose combinations could 
cause a significant delay in the onset of myocardial is- 
chemia during exercise compared with at baseline stud- 
ies, but only a small increase in exercise duration. The 
latter may have been due to a “softer” end point, where 
the limiting symptom at the end of exercise (breathless- 
ness or exhaustion) may not always have been ischemic 
in origin. Generally, there were no significant increases 
in the workload achieved (rate/pressure product) at a 
set level of ischemia (1 mm ST depression) or at cessa- 
tion of exercise. 

There was also a large response to placebo in this 
study, particularly regarding time to 1 mm ST depres- 
sion, which almost matched that of active treatment 
and prevented us from demonstrating a statistically sig- 


nificant superiority of active nitrate treatment over pla- 
cebo using mean values. Individual patients appeared to 
have a greater response to some nitrate preparations 
than to placebo, but this was inconsistent, and a clear 
dose response relation usually could not be demon- 
strated. There appeared to be no superiority of 1 nitrate 
preparation over the other. 

Beneficial effects of placebo on anginal frequency 
and exercise tolerance were previously noted,!° although 
peak rate/pressure product was unaffected. There 
have been several other placebo-controlled studies of 
transdermal nitrates, incorporating a nitrate-free inter- 
val, on symptomatic myocardial ischemia during exer- 
cise.-? Those studies differ from ours, because most 
demonstrated a clear superiority of a nitrate patch over 
placebo in regard to frequency of spontaneous angina?? 
and to delaying the onset of ischemia with exercise, 
measured as an increased time to angina*® or 1 mm ST 
depression.?959 Total exercise duration has also been 
prolonged.255 Increases in peak heart rate/pressure 
product^? or the rate/pressure product at angina? have 
been shown. An exception is the study by Waters et al,’ 
which found no benefit of a nitrate patch over placebo, 
with apparent “nitrate responsiveness" in only a small 
proportion of patients. Differences between baseline re- 
sults and the effects of placebo have been reported in 
some studies," 5 but not in others.’~? In studies that did 
not report such a comparison, one assumes the differ- 
ences were negligible. DeMots and Glaser^ showed 
some placebo effect compared with baseline, but it was 
not sufficient to prevent demonstration of a superior ef- 
fect of active treatment over placebo. There have been a 
few studies with ISDN using a nitrate-free interval!!! 
or a slow-release form,!? which have shown that oral 
nitrate is superior to placebo in patients with sympto- 
matic coronary artery disease. 

Important differences between our study and previ- 
ous ones, which may account for the disparity, include 
the following: (1) Those studies showing a benefit from 
active treatment used a significant improvement in ex- 
ercise test parameters with 1 dose of nitrate therapy or 
series of open-label dose titrations as a major inclusion 
criterion.?-95? In contrast, Waters et al’ did not use a 
nitrate-responsiveness test as an entry selection criteri- 
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on, removing this possible source of bias. Our trial used 
a high-dose nitrate tolerance test as an entry criterion, 
but nitrate-responsive patients were not specifically se- 
lected, and -hus we may have had a more heterogeneous 
population with unpredictable responses to nitrates. Tri- 
als selecting nitrate-responsive patients may be more 
relevant to the mechanisms and pharmacokinetics of 
successful ritrate therapy, whereas our study gives an 
impression of nitrate effectiveness in a broader isch 
emic populetion. (2) Most previous studies did not use 
transderma. nitrate therapy as monotherapy, continuing 
other antiarginal agents (especially 6 blockers) in most 
patients during the trial period.?-7? Concurrent antian- 
ginal therapy may augment nitrate responsiveness or di- 
minish any placebo response. Trials of nitrate mono- 
therapy us ng exercise testing with or without pro 
longed electrocardiographic monitoring have been per- 
formed,®:!3 which showed benefits from nitrates, and lit- 
tle placebo 2ffect, but the placebo phases were not used 
in a random-order crossover design with active treat- 
ment. This nay have minimized any placebo effect. (3) 
Previous studies*~’ investigated patients with sympto- 
matic myocardial ischemia, whereas our trial is unique 
in investigating those who were usually asymptomatic 
from their ischemia in terms of angina pectoris, and 
some had had little exposure to antianginal therapy pre- 
viously. We believe our patients are comparable with 
respect to their ischemic heart disease, despite the ab- 
sence of symptoms, based on their coronary anatomy 
and exercise test results, and because the cardiac event 
rate during a 7-year follow-up was similar between pa- 
tients with end without clinical angina who had electro- 
cardiographic evidence of ischemia on exercise testing.!^ 
However, we believe that the absence of symptoms and 
prior use of antianginal therapy, together with their ex- 
pectations of this trial of new therapy, made our pa- 
tients particularly susceptible to a large placebo re- 
sponse. Beecher!? has suggested that there should be, on 
average, a placebo-pill effectiveness rate of 35% over 
baseline in most drug studies. Thus, the absence of any 
placebo res»onse in some nitrate studies actually sug- 
gests a patient population with an expectation of thera- 
py blunted Sy previous exposure to the same therapy or 


by concurrent medication. The large placebo respons 
to nitrate monotherapy in our study is likely to be clini 
cally effective for as long as it persists. It may simply b 
physiologically impossible to specifically demonstrat 
any uniform, additional effect of active medication i 
the presence of this dominant placebo effect in a cohor 
of this size. 

Our limited studies of prolonged ambulatory moni 
toring show trends for active and placebo therapy tha 
support our results from exercise testing, but the smal 
number of patients does not enable any definitive con 
clusion to be made. 
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Prediction of Late Cardiac Events by 
Dipyridamole Thallium Imaging in Patients 





Undergoing Elective Vascular Surgery 


Robert C. Hendel, MD, Steven S. Whitfield, MD, Bernard J. Villegas, MD, 
Bruce S. Cutler, MD, and Jeffrey A. Leppo, MD 


Dipyridamole thallium scintigraphy has previously 


been shown to have prognostic value in the preop- 
erative assessment of patients scheduled to under- 
go vascular surgery, but its effect on the long- 
term outcome is less well-defined. In the largest 
series to date, dipyridamole thallium scanning was 
performed in 360 patients before elective vascular 
surgery and survivors were followed for a mean of 
31 months. In the 327 patients who underwent 
vascular surgery, operative death and nonfatal 
myocardial infarction occurred in 4.9 and 6.7%, 
respectively. A cardiac event (nonfatal myocardial 
infarction or cardiac death) occurred in 14.4% of 
patients with a transient thallium defect, as op- 
posed to 1% with a normal scan (p <0.001). Lo- 
gistic regression analysis revealed that the best 
predictor of a perioperative event was the pres- 
ence of a reversible thallium defect, elevating the 
risk by 4.3-fold. Late cardiac events occurred in 
53 (15.2%) surgical survivors or nonsurgically 
treated patients. Patients with a fixed perfusion 
abnormality had a 24% late event rate, compared 
with 4.9% in those with a normal dipyridamole 
thallium study (p <0.01). Cox analysis demon- 
strated that a fixed thallium defect was the stron- 
gest factor for predicting a late event and in- 
creased the relative risk by almost fivefold. A his- 
tory of congestive heart failure was the only 
significant variable that contributed additional val- 
ue to that of a fixed defect alone. Life-table analy- 
sis confirmed the strong relation of a fixed defect 
to cardiac event free survival (p <0.0001). There- 
fore, dipyridamole thallium imaging demonstrates 
valuable prognostic information for long-term 
event-free survival in a large population of pa- 
tients undergoing vascular surgery and provides 
important risk stratification data for the perioper- 
ative period. 

(Am J Cardiol 1992;70:1243-1249) 
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with significant atherosclerosis, such as those 
with vascular disease!-? and accounts for most of 
the morbidity and mortality associated with vascular re- 
construction.^? A variety of noninvasive procedures 
have been successfully used for the diagnosis and deter- 
mination of the extent of coronary artery disease. Exer- 
cise testing is a reasonable screening technique but its 
applicability is often limited in vascular patients be- 
cause of their inability to complete an adequate exercise 
test.^9 Previous work by our group and others have 
shown that dipyridamole thallium imaging can accu- 
rately stratify vascular patients according to their oper- 
ative risk'-!? and is unaffected by the patient's physi- 
cal limitations. Specifically, the presence of thallium re- 
distribution after a vasodilator infusion identifies those 
at increased risk of a perioperative myocardial infarc- 
tion or death from a cardiac etiology.!:’~!8 
Because cardiovascular events are the main source 
of long-term morbidity and mortality in patients who 
have undergone vascular surgery,?? any clinical strategy 
or screening procedure that demonstrates perioperative 
utility should also consider postsurgical outcome and 
overall event-free survival. In other populations,?9?! di- 
pyridamole thallium scintigraphy has been shown to 
provide long-term prognostic information. Accordingly, 
we undertook this study to evaluate the ability of preop- 
erative dipyridamole thallium imaging to independently 
predict both perioperative and late cardiac events in a 
group of elective patients referred for vascular surgery. 


(C artery disease is present in most patients 


METHODS 

Patient population: As part of their perioperative as- 
sessment, 371 patients underwent dipyridamole thalli- 
um imaging at the University of Massachusetts Medical 
Center between January 1984 and November 1988. 
Adequate clinical information and follow-up data were 
obtained in 97% of the patients; thus, 360 subjects 
formed the study group. Patients having unstable cardi- 
ac symptoms or emergency procedures were excluded, 
as well as a small (<5%) group of elective patients who 
could not be expeditiously scheduled for dipyridamole 
thallium imaging before surgery. All patients gave writ- 
ten informed consent for the dipyridamole thallium 
study. 

Dipyridamole thallium scintigraphy: Dipyridamole 
thallium scanning was performed according to a previ- 
ously described protocol.!:!° All theophylline-containing 
medications were withheld for 36 hours and caffeine 
was restricted for 12 hours. Intravenous dipyridamole 
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TABLE | Pa&ent Characteristics 


Number 
of Subjects 


Caaracteristic 


Risk factors 
Men/wome1 
Age > 70 years 
Diabetes mellitus 
Systemic hypertension 
Cigarette sraoking 
Congestive »eart failure 
Valvular heert disease 
Cerbrovascelar accident 
Prior peripferal vascular disease sur- 
gery 
Cardiac historv 
Angina 
Coronary arery disease 
Prior myocardial infarction 
Q wave on electrocardiogram 
Inferior 
Lateral 
Anterior 
Coronary bypass 
Coronary argioplasty 
Medications 
Beta blockers 
Calcium an agonists 
Diuretics 
Nitrates 
Digitalis 
Vasodilators 
Antiarrhythmics 


233/127 (64.7/36.3) 
(35.8) 
(23.1) 
(58.1) 
(65.3) 
(10.8) 

(6.1) 
(12.5) 
(28.1) 


(25.6) 
(35.0) 
(38.1) 
(27.2) 
(15.0) 
(1.4) 
(9.7) 
(16.1) 
(1.1) 


(26.4) 
(14.7) 
(37.2) 
(20.6) 
(15,3) 
(16.4) 

(5.8) 





was infused at a rate of 0.14 mg/kg/min for 4 minutes. 
Three to 4 minutes later, 1.5 to 2.5 mCi of thallium was 
injected and images were acquired in the supine patient 
in the anterior, 45° left anterior oblique or best septal 
view, and left lateral (or 70° left anterior oblique) pro- 
jections. Serial images were obtained 2.5 to 4 hours lat- 
er and the scans were scored qualitatively by segment 
(total of 9 segments per scan). Additional images after 
the reinjection of thallium were not obtained. After 
classification of normal and abnormal studies, the latter 
were subdivided into those with persistent (fixed) or 
transient (redistribution) defects, or both. The defects 
were graded as small if 1 abnormal segment was pres- 
ent, small tc moderate for 2 to 3 segments, moderate for 
4 segments, moderate to large for 5 to 6 segments, and 
large if >6 segments were abnormal. The occurrence of 
symptoms and electrocardiographic changes was also 
noted during the procedure. 

Clinical follow-up: Although all tests were per- 
formed as part of the preoperative assessment, 33 pa- 
tients did not undergo an operative procedure. Surgery 
was deferred in these patients mainly because of either 
vascular disease that did not warrant surgical repair or, 
less often, elevated medical risk, as judged by the at- 
tending physician. The type of operation, anesthesia and 
perioperative complications were obtained from the 
medical records. The researcher who performed all peri- 
operative aad subsequent follow-up data retrieval was 
unaware of the scan results and clinical information. 
The perioperative period included all events within 1 
month of the surgical procedure. 
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Surgical survivors and nonsurgically treated patient: 
were followed for up to 5 years. Information was ob 
tained by a review of the medical records and deatl 
certificates, as well as telephone contact with the pa- 
tient, family members and local physicians. 

End points of both the perioperative and long-term 
follow-up period included death from cardiac cause: 
and myocardial infarction.'? All causes of mortality 
were also examined for both the perioperative and lat« 
periods. 

Statistical analysis: A statistical software packagt 
was used for all analyses (BMDP Statistical Software 
Inc., Los Angeles, California). Fisher’s exact and pairec 
t tests were used to compare clinical and scan variable: 
for the patient population as they relate to the occur 
rence of cardiac events. A p value «0.05 was considerec 
statistically significant in these analyses. 

A nonlinear stepwise logistic regression analysis wa: 
used to determine the statistical value in predicting peri 
operative events for the clinical variables listed in Tabk 
I, as well as for scintigraphic variables (any thallium 
abnormalities, fixed thallium defect, transient thalliun 
defect, electrocardiographic changes with dipyridamole 
chest pain with dipyridamole, and aminophylline ad 
ministration). Only variables with a p value «0.05 wer 
included in the regression analysis for assessing predic 
tive value. 

The Cox proportional-hazard's model was used fo 
determinating the predictive value of these clinical anc 
scan variables for late cardiac events. Additionally, life 
table analysis (Kaplan-Meier method) for the occur 
rence of cardiac events was used to assess the value o 
various scan parameters on event-free survival, and dif 
ferences in event rates were compared with the Mantel 
Cox statistic. 


RESULTS 

Patient characteristics: The clinical, electrocardio 
graphic and medication history are summarized in Ta 
ble I. The mean age of the study group was 67 year 
and a relatively large percentage were aged >70 year 
(36%). As expected, most were men, and diabetes melli 
tus and systemic hypertension were often present. 

Dipyridamole thallium scintigraphy: The overall in 
cidence of adverse effects related to dipyridamole thalli 
um scintigraphy was 15%. Typical angina occurred ii 
27 patients, while other symptoms, such as headache 
nausea, flushing or abdominal fullness developed in 4 
patients. Ischemic ST-segment depression occurred ii 
37 patients (10.3%). Aminophylline was administere: 
in 39 patients for symptoms or electrocardiographi 
changes during the procedure. No patient had any long 
term sequelae as a result of dipyridamole thallium scan 
ning. 

Abnormal perfusion patterns were noted in 254 pa 
tients (70.6%). Fixed defects were present in 19: 
(53.3%) and reversible abnormalities were noted in 18 
(51.9%) of the studies. Mixed defects (partial redistri 
bution) were defined as having both a fixed and revers 
ible component and were present on 34.7% of the scan 
(n = 125). The magnitude (semiquanitative) of the ab 


NOVEMBER 15, 1992 


normalities is displayed in Figure 1, demonstrating a 
large percentage of defects that were categorized as 
small. 

Perioperative events: Of the study group, 91% (n = 
327) underwent a vascular surgical procedure. Addi- 
tionally, 29 of the surgically treated patients (8.9%) un- 
derwent a lesser operative procedure than originally 
planned owing to concerns about surgical risk. 

Cardiac events, defined as either a perioperative 
myocardial infarction or cardiac death occurred in 8.6% 
of patients (nonfatal myocardial infarction 6.7%, death 
2.1%). There were a total of 15 deaths, most of which 
(n = 8) were noncardiac in etiology. Overall, the peri- 
operative cardiac events were dominated by nonfatal 
myocardial infarction (79%). 

Scans with a transient or persistent defect were pres- 
ent in 167 and 171 patients, respectively, with perioper- 
ative events developing in 14.4% of those with a revers- 
ible defect and in 11.7% with a fixed abnormality. Pa- 
tients who had undergone vascular surgery with normal 
dipyridamole thallium images had only a 1% incidence 
of a perioperative cardiac event. 

Using stepwise logistic regression analysis (Table 
II), the presence of thallium redistribution was the most 
predictive of 32 clinical and scan variables for the oc- 
currence of a nonfatal myocardial infarction, conferring 
almost a ninefold increase in relative risk. There were 
too few cardiovascular deaths to be accurately exam- 
ined in the regression analysis. Perioperative mortality 
from all causes was best predicted by a history of con- 
gestive heart failure, increasing the relative risk 6.2 
times. The combined variable of any cardiac periopera- 
tive event was best predicted by thallium redistribution, 
which elevated the risk 4.3-fold. The predicted probabil- 
ity of a cardiac event was 1.3 + 0.7% in the absence of 
any predictors chosen from the regression model in Ta- 
ble II (thallium redistribution, ST-segment depression 
during the procedure, diabetes mellitus, elderly). How- 
ever, the probability of an event increased to 6.8 + 2.4% 
(p <0.01) with the presence of redistribution alone. 

When the subset of patients with abnormal scans 
was analyzed, the magnitude of the reversible defect 
also had predictive value for perioperative events. A 


FIGURE 1. The magnitude of thallium per- 
infusion 12% 


Persistent 


TABLE Il Perioperative Events 


Variable x2 Coeff. pValue RR (+Cl) 

















Nonfatal MI 


Thallium redistribution 17.5 2.1888 0.0000 8.9 (2.0—40.4) 
ST-segment depression 4.4 1.2086 0.0356 3.3 (1.1-9.9) 
Diabetes mellitus 5.4 1.0869 0.0204 3.0(1.1-7.9) 
Age 7.7 0.0946 0.0055 1.1 (1.0-1.2) 
Combined cardiac event 
Thallium redistribution 13.9 1.4784 0.0002 4.3 (1.6—12.3) 
Age 8.3 0.0811 0.0039 1.1 (1.0—1.2) 
Diabetes mellitus 5.0 0.9187 0.0249 2.5(1.1—5.9) 
ST-segment depression 4.2 1.1056 0.0391 3.0(1.1-8.2) 






Results of logistic regression analysis for the perioperative outcomes of a nonfatal 
myocardial infarction, all cause perioperative death, and any cardiac perioperative 
event (as described in the text). 

Coeff. = regression coefficient; MI = myocardial infarction; RR ( € CI) = relative risk 
with 95% confidence intervals. 


transient scan abnormality of moderate size or larger 
was the most critical variable (p <0.01) and increased 
the predicted probability of event from 8 to 20%. When 
the 35 patients who underwent cardiac catheterization 
before their vascular surgical procedure were excluded, 
a repeat analysis failed to significantly alter these re- 
sults. Therefore, the entire surgical population was ana- 
lyzed as a single group. This same consideration was 
used for the Cox analyses once the presence of cardiac 
angiography was observed to have no significant effect 
on the prognostic variable chosen. 

Late follow-up: Surgical survivors and nonsurgically 
treated patients were followed clinically for 30.2 + 18.3 
months. Late cardiac events, defined as a myocardial 
infarction or death from a cardiac etiology, occurred in 
53 patients (15.4%) and was dominated by fatal events 
that occurred in 75.5% of these patients (n = 40). Non- 
fatal myocardial infarction occurred in 20 patients 
(5.896 of the study population). 

The relation of the dipyridamole thallium results 
with late cardiac events is depicted in Figure 2. The 
event rate for transient (18.5%) and persistent (24%) 
thallium defects was similar and far greater than the 
4.9% rate noted in patients with a normal dipyridamole 
thallium scan. 


3396 


Transient 


Bl small M small-moderate [_] moderate N moderate-large |. large 
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The Cox proportional-hazard’s model was used tc 


TABLE Ill Late Events determine the value of the 32 clinical and scan variables 


f 
A Variable x? Coeff. pValue RR (+Cl) for these 345 patients (Table III). The strongest predic- 
| Nonfatal myocardial tor of a nonfatal myocardial infarction or cardiac deatt 
| infarction was the presence of a fixed thallium defect, and raisec 
| cos s .l 2.3968 0.0015 11.0(1.4-85.6) the relative risk by 11- and 3.7-fold, respectively. Wher 
AE amo? examining combined cardiovascular events, a persistent 
| js gini ^ 14763 00088  48(.5-195 | defect was the best predictor and increased the risk al. 
Diabetes mellitus 4.7 0.9868 0.0306 2.7 (1.1-6.5) most fivefold. The presence of a fixed defect of moder: 
Cardiac death ate size or greater, when combined with the presence o! 
tent defect : . 
| sarreh 9.9 1.0895 0.0017 3.0(1.4-6.2) square value than either variable alone and entered the 
| Digoxin 7.5 1.0005 0.0063 2.7(1.4-5.3) regression model first. This suggests a significant (p 
| Combined cardiac <0.01) interaction between the presence of a fixed de 
event fect and the magnitude of the abnormality. 


Thallium defect 23.2 1.5796 0.0000 4.9 (2.3-10.1) : ; | 
| Congestive heart 10.4 1.1024 0.0012 3.0 (1.6-5.6) Life-table analysis was also performed and con 


failure firmed the significant effect on event-free survival basec 
Diabetes mellitus 4.9 0.6502 0.0265 — 1.9 (1.1-3.4) on the presence or absence of a persistent defect (p 
| Hypertension 5.2 0.6534 0.0230  1.9(1.1-3.4) «0.0001; Figure 3). The increased event rate noted ir 
| Results of Cox analysis for the late outcomes of a nonfatal myocardial infarction, patients with fixed defects continues to separate the pa: 
! cardiac death and combined event. : 
Abbreviations as in Table II. tient groups throughout the 4- to 6-year observation pe 


riod. Even when examining only patients with an abnor. 


Normal Abnormal 
Sn 77 KnT 
j A FIGURE 2. Late cardiac events. Results o 
Transient Persistent dipyridamole thallium scintigraphy in non- 


Defect ^ honum surgically treated patients and surgical 


i to scan findings is also displayed. 


l l 
Events 
n(%) 5(4.9%) 33(18.5%) 44(24%) 
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Persistent Defect 
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FIGURE 3. Cardiac event-free survival. 
Probability of cardiac event-free survival 
as a function of the presence or absence o 
a persistent thallium defect (n = 345). 
Fixed defects were present in 183 pa- 
tients. 
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mal scan, a fixed defect was still a significant factor in 
differentiating risk of late cardiac events in this patient 
group (p <0.01; Figure 4). 


DISCUSSION 

This is the first report to demonstrate the indepen- 
dent prognostic value of dipyridamole thallium scintig- 
raphy for late, as well as perioperative, cardiac events in 
patients scheduled to undergo elective vascular surgery. 
Additionally, this is the largest series to date using dipy- 
ridamole thallium imaging in patients undergoing vas- 
cular surgery. By using separate analyses, we noted that 
the presence of thallium redistribution was the strongest 
predictor of a perioperative cardiac event, which was 
dominated by nonfatal myocardial infarction. However, 
a fixed thallium defect was the best prognosticator of 
late (mainly fatal) cardiac events. These observations 
suggest that perioperative myocardial infarctions are 
best predicted by ischemic variables, such as thallium 
redistribution, ST-segment depression after dipyrida- 
mole, and diabetes. In contrast, late deaths are associ- 
ated with fixed thallium abnormalities (especially mod- 
erate to large size) and a history of congestive heart 
failure, which are indexes of left ventricular function. 

Perioperative events: Coronary artery disease is 
prevalent among patients with significant peripheral 
vascular disease and may be present despite the lack of 
symptoms, occuring in up to 37% of asymptomatic per- 
sons. Ischemic heart disease accounts for the major 
cause of morbidity and mortality in this population for 
both the perioperative and late periods.’ Several reports 
have noted that dipyridamole thallium scintigraphy has 
been reported to have significant predictive value in the 
preoperative risk assessment of patients scheduled for 
vascular surgery.!:’~%!3.14.17,18,22 When data on almost 
300 patients undergoing aortic surgery are pooled, pa- 
tients with a positive dipyridamole thallium scan had a 
22% incidence of a perioperative myocardial infarction 


FIGURE 4. Cardiac event-free survival in 
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(compared with a 0.596 incidence with a negative scan) 
and an 8.196 (vs 096) incidence of a cardiovascular 
death.^-?/3.422 However, not all reports have been as 
favorable for this technique.!??? Mangano et al? failed 
to demonstrate predictive value of dipyridamole thalli- 
um imaging but their patient population was relatively 
small and had a low cardiac event rate. 

In the largest series to date, our data confirm the 
predictive value of dipyridamole thallium scintigraphy 
with regard to perioperative cardiac events in a popula- 
tion undergoing vascular surgery. The adverse events in 
the surgical period were dominated by nonfatal myocar- 
dial infarction, and a transient thallium defect elevated 
the risk of an infarction almost ninefold. The indepen- 
dent predictive value of the defect extent (greater than 
or equal to moderate size) was also noted in the subset 
of patients with abnormal scans, a finding that agrees 
with earlier studies using quantitative measures of scan 
abnormalities.! .12.15-17 

Late events: This is the first study to evaluate the 
predictive value of dipyridamole thallium scintigraphy 
for late cardiac death and nonfatal myocardial infarc- 
tion, independent of perioperative events, in patients un- 
dergoing vascular surgery. A fixed thallium defect was 
the variable most predictive of a cardiac event, even 
when all clinical factors are examined. These late cardi- 
ac events consisted mostly of death from cardiac causes, 
and a persistent thallium defect elevated the risk of car- 
diac death almost fourfold. 

Previously, we have demonstrated that using thalli- 
um imaging after dipyridamole infusion in the general 
population identified patients at a higher risk of subse- 
quent cardiac events.?! In this prior study of 516 nonse- 
lected patients, the presence of a thallium abnormality 
was the most significant predictor of a cardiac event, 
increasing the relative risk more than threefold. Al- 
though thallium redistribution added additional prog- 
nostic information, it was the finding of any defect that 
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had the most prognostic value. The present study focus- 
es on the vascular surgery population and also extends 
the follow-up period almost twofold compared with our 
prior report. 

Recently, Younis et al!? examined the late prognos- 
tic value of dipyridamole thallium in 131 patients who 
were scheduled for vascular surgery. Multivariant anal- 
ysis revealed only an abnormal left ventricular ejection 
fraction to be a marker of future events. However, when 
the cardiac catheterization data were excluded, a histo- 
ry of angina and thallium redistribution were predictors 
of cardiac events. In this study, the 8 patients with peri- 
operative events were included in the analysis for late 
prognostic value of dipyridamole thallium scanning. 
Therefore, 35% of all cardiac events over the 18-month 
period actually occurred before hospital discharge and 
the effect of a transient thallium defect on the perioper- 
ative event rate carries over to the long-term event-free 
survival analysis. The present study separates periopera- 
tive from late events (30 days after the surgical proce- 
dure). Therefore, our analysis for long-term prognosis is 
not influenced by events associated with elective vascu- 
lar surgery. 

Study limitations: As the scan results were not 
closed to referring physicians, the performance or extent 
of surgical procedures was potentially influenced by the 
scan report. A few patients had surgery deferred until 
after revascularization or had surgery cancelled. Other 
patients had lesser procedures or extraanatomic opera- 
tions in order to reduce the presumed likelihood of com- 
plications. However, the bias introduced by knowledge 
of the dipyridamole thallium scan results may be ex- 
pected to lessen the value of the data, because surgeons 
were better able to anticipate potential cardiac prob- 
lems. Therefore, it is conceivable that more events 
might have been expected to have occurred had the scan 
results not been available to the referring physician. 

Overall, the number of perioperative and late cardi- 
ac events was relatively small. Many studies include less 
well-defined cardiac events, such as unstable angina, 
which results in an increase in the event rate.!2-16.19.25 
However, our choice to use only objective, "hard" 
events results in an analysis that has a more substantial 
and immediate clinical impact. 

Persistent thallium defects have traditionally been 
associated with the presence of myocardial scar. Since 
completion of the patient recruitment for this study, the 
method of thallium reinjection has been developed, en- 
hancing the detection of viable myocardium.?^??» Some 
of the persistent thallium defects found to be predictive 
of late cardiac events may indeed have demonstrated 
reversibility with reinjection, suggestive of an ischemic 
component. Additionally, an association of fixed thalli- 
um perfusion defects has been noted with perioperative 
events, presumably on the same basis.!? 

Clinical implications: The present study demon- 
strates that dipyridamole thallium scintigraphy may be 
used to assess the long-term prognosis of patients sched- 
uled to undergo major vascular surgery. Scan variables 
were the most predictive of all cardiac events, when 
compared with a large number of clinical factors. As 
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expected, a transient or ischemic-type defect was assoc 
ated with a significant increase in perioperative cardiz 
events. However, a persistent perfusion abnormalit 
predicted major cardiovascular events during the fo 
low-up period, which were dominated by deaths froi 
cardiac causes. Thus, dipyridamole thallium scanning 
useful in the overall short- and long-term risk stratific: 
tion of patients with coexistent peripheral vascular an 
coronary artery disease. 
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Prognosis of Patients with Sustained Ventricular 


Tachycardia and of Survivors of Cardiac Arrest 





Not Inducible by Programmed Stimulation 


Dietrich Andresen, MD, Gerhard Steinbeck, MD, Thomas Brüggemann, MSc, Ralph Haberl, MD 
Lutz Fink, MD, and Rolf Schróder, MD 


The aim of this study was to analyze the long-term 


clinical outcome of 60 prospectively studied pa- 
tients with documented sustained ventricular 
tachyarrhythmia that was not inducible during 
baseline programmed ventricular stimulation: 39 
with cardiac arrest due to noninfarction ventricu- 
lar fibrillation (VF) and 21 with mild hemodynami- 
cally compromising sustained ventricular tachy- 
cardia (VT). Left ventricular ejection fraction was 
55 + 14% in the VF group and 50 + 13% in the 
VT group (difference not significant). Patients 
were discharged without conventional antiarrhyth- 
mic drugs and received only empirical 8-blocker 
therapy. During a mean follow-up period of 21 + 
16 months (mean + SD), 10 of 60 patients (17%) 
died suddenly. The actuarial incidence of sudden 
death at 1 and 4 years was similar in both groups 
(VF group, 10 and 20%; VT group, 16 and 16%) 
(p = 0.48). The actuarial incidence of sudden car- 
diac death was significantly higher in patients 
with left ventricular ejection fraction <40% than 
in those with >40% (1-year incidence in VF 
group, 40 vs 0%; VT group, 50 vs 0%) (p = 0.005 
and p = 0.01, respectively). Multivariate regres- 
sion analysis identified left ventricular ejection 
fraction <40% and previous myocardial infarction 
as the only independent predictor of sudden cardi- 
ac death. The occurrence of frequent ventricular 
pairs during Holter monitoring was the only inde- 
pendent predictor of sustained VT recurrences. It 
is concluded that patients with sustained ventricu- 
lar tachyarrhythmia in whom arrhythmia was non- 
inducible during baseline ventricular stimulation 
and not treated with antiarrhythmic therapy have 
a favorable outcome if left ventricular ejection 
fraction is high. However, reduced left ventricular 
ejection fraction identifies a subgroup at high risk 
of sudden cardiac death. Patients with mild hemo- 
dynamically compromising sustained VT have a 
similar risk of dying suddenly as those resuscitat- 
ed earlier from cardiac arrest. 
(Am J Cardiol 1992;70:1250-1254) 
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(sustained ventricular tachycardia [VT] or pr 

mary ventricular fibrillation [VF]) are at hig 
risk of recurring arrhythmia.!-* Programmed ventrici 
lar stimulation with serial drug testing has been accep 
ed for predicting clinical outcome in these patients."- 
However, ventricular tachyarrhythmia cannot be ir 
duced during baseline ventricular stimulation in 20 t 
50%. The clinical outcome of these noninducible p: 
tients has been controversial as discussed in previot 
studies.?-!? In most studies, patients were treated wit 
antiarrhythmic drugs on an individual basis during fo 
low-up, which in itself would influence the prognosi 
Some studies do not differentiate between patients wit 
cardiac arrest due to primary VF and those with sym] 
tomatic but nonfatal VT. Thus, it is unclear whethe 
patients with arrhythmia that is not inducible durin 
baseline stimulation should be left without antiarrhytl 
mic therapy or should receive empirical (e.g., amiod: 
rone) or alternative (e.g., implantable automatic def 
brillator) therapy. Our prospective study investigate 
the clinical course of patients with sustained ventricul: 
tachyarrhythmia, in whom such arrhythmia was not i 
ducible during baseline programmed ventricular stim 
lation, and who were discharged without convention: 
antiarrhythmic drugs. 


P atients with sustained ventricular tachyarrhythmi 


METHODS 

Patients: Two hundred seven patients with a histor 
of sustained ventricular tachyarrhythmias were referre 
to the Department of Cardiology at the Klinikum Steg 
litz, Free University of Berlin and the Klinikum Gro: 
shadern, University of Munich, between 1984 and Sey 
tember 1990: 130 with stable sustained VT with mil 
hypotension but no cardiac arrest, and 77 with doci 
mented out-of-hospital cardiac arrest secondary to VI 
which was not attributable to myocardial infarction (< 
weeks after the acute event), electrolyte disturbances « 
severe heart failure. All patients underwent baselir 
programmed ventricular stimulation: 147 were induc 
ble, 60 were noninducible. The study group consisted « 
the final 60 patients in whom ventricular tachyarrhytl 
mia was not inducible during baseline programmed ver 
tricular stimulation: 21 with VT and 39 who had ha 
cardiac arrest due to VF. 

Programmed ventricular stimulation: Baseline pr: 
grammed ventricular stimulation was performed a 
cording to the following standardized protocol: 1 and 
premature extrastimuli with twice diastolic threshol 
and a pulse duration of 0.5 ms were given during sim 
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rhythm and during ventricular pacing with cycle lengths 
of 600, 500, 400 and 330 ms at the right ventricular 
apex and outflow tract. According to our study design, 
the protocol was not changed if the tachyarrhythmia 
was not inducible. Ventricular arrhythmia was consid- 
ered noninducible if <10 beats of VT without hemody- 
namic consequences were induced. All 60 patients with 
noninducible arrhythmia were scheduled for coronary 
angiography and left ventriculography to determine 
ejection fraction. A reduced ejection fraction was de- 
fined as <40%. 

Treatment: The patients were discharged without 
conventional antiarrhythmic therapy. The only agent 
used was a 6 blocker: metoprolol was given to all pa- 
tients at 25 to 100 mg twice a day. Doses were adjusted 
before discharge. Dose adjustment was left to the deci- 
sion of the house physician. Four patients discontinued 
B-blocker treatment during the follow-up. 

Follow-up: Patients were controlled at regular inter- 
vals (3 to 4 months) at both university hospitals by per- 
sonal interview. Causes and circumstances of death 
were ascertained for patients who died by telephoning 
relatives or family physicians. Recurrences of VT were 
recorded by electrocardiography performed at the coro- 
nary care unit or at home by the attending physician. 
Recurrent mild hemodynamically sustained VT was de- 
fined as stable monomorphic or polymorphic VT associ- 
ated with hypotension but not requiring emergency car- 
dioversion. Death was defined as unexpected (sudden 
death) if it occurred after a witnessed sudden collapse 
or during sleep. 

Statistics: Data are expressed as mean + SD. Stu- 
dent’s 2-tailed ¢ test and chi-square test were used to 
assess differences in categorical and continuous vari- 
ables. Actuarial survival curves were estimated with the 
Kaplan-Meier method. The influence of relevant covar- 
iates on sudden death and recurrences of sustained VT 
was calculated with stepwise multivariate regression 
analysis.!® 
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FIGURE 1. Cumulative survival without sudden death in 39 
patients with cardiac arrest due to ventricular fibrillation (VF) 


-— and 21 patients with sustained ventricular tachycardia (VT). 








TABLE | Patient Characteristics 


VF VT 
Group Group 
Variable (n = 39) (n = 21) 


55+ 14 
74/26 


50+ 13 
81/19 


Age (year) 
Men/women (%) 
Coronary artery disease (%) 
3-vessel disease (%) 
Previous MI (%) 
Ejection fraction (%) 
Ejection fraction < 40% (%) 
Holter monitoring 
Ventricular extrasystoles/hour 62 + 106 100+ 161 
Ventricular extrasystoles > 20/hour (%) 55 
Ventricular pairs/day 
Ventricular pairs > 35/day (%) 
Ventricular salvos/day 
Ventricular salvos > 3/day (%) 
Nonsustained VT (%) 
*p <0.01. 
MI = myocardial infarction; nonsustained ventricular tachycardia = duration of 


> 30 seconds; VF = ventricular fibrillation; ventricular salvos = 3 to 5 consecutive 
ventricular extrasystoles; VT = ventricular tachycardia. 


RESULTS 

Table I compares the 39 patients with cardiac arrest 
due to VF and the 21 with VT. 

Follow-up: During a follow-up period of 21 + 16 
months, 13 of 60 patients (22%) died, 10 of the 13 
(17%) had sudden and 3 (5%) nonsudden cardiac death. 
No patient died from noncardiac causes. Nine (15%) 
had an occurrence of symptomatic sustained VT. 

Group with ventricular fibrillation: During a follow- 
up period of 20 + 16 months, 8 of 39 patients (21%) 
died (6 suddenly). The rate of nonlethal sustained VT in 
this group was 8% (3 of 39). 

Group with ventricular tachycardia: During a fol- 
low-up period of 23 + 19 months, 5 of 21 patients 
(24%) died (4 died suddenly). Nonlethal symptomatic 
sustained VT was seen in 6 patients (29%). 

Mode of arrhythmia recurrence: Figure 1 shows the 
cumulative sudden death rate for the VF and VT 
groups. It is evident that patients with sustained VT and 


VF-Group 


VT-Group 


Cumulative survival without VT-recurrences 


36 months 48 


FIGURE 2. Cumulative survival without ventricular tachycar- 
dia (VT) recurrences in 39 patients with cardiac arrest due to 
ventricular fibrillation (VF) and 21 patients with sustained 


PROGNOSIS OF PATIENTS WITH VENTRICULAR ARRHYTHMIAS 1251 


Variable 


Age (years) 

Men (%) 

Coronary artery disease (%) 
3-vessel disease (%) 


Previous MI (96) 

Ejection fraction (76) 

Holter monitoring 
Ventricular extrasystoles/hour 
Ventricular extrasystoles > 20/hour (76) 
Ventricular pairs/day 
Ventricular pairs > 35/day (%) 
Ventricular salvos/day 
Ventricular salvos > 3/day (%) 


MI = myocardial infarction; NS = not significant. 


those with cardiac arrest due to VF have a similar risk 
of dying suddenly. The actuarial incidence of sudden 
death for 1 and 4 years was 10 and 20% in the VF 
group and 16 and 16% in the VT group (p = 0.45). Fig- 
ure 2 shows the cumulative recurrences of sustained 
nonfatal VT. The actuarial incidence of VT for 1 and 4 
years was 8 and 8% in the VF group and 21 and 40% in 
the VT group (p = 0.05). Figures 3 and 4 show cumula- 
tive survival without sudden death and recurrent VT 
stratified by left ventricular ejection fraction. The cu- 
mulative rate for sudden death in patients with VF after 
4 years was 70% for those with ejection fraction <40% 
and only 5% for those with ejection fraction 240% 
(p = 0.0001). For the group with VT, the 4-year sudden 
death rates were 50 and 0% respectively (p = 0.005). 
Prediction of sudden cardiac death and sustained 
ventricular tachycardia: Table II lists the clinical char- 
acteristics of those who did and did not die suddenly. 
Univariate analysis showed that ejection fraction <40% 
(p = 0.001), previous myocardial infarction (p = 0.003) 


EF >40% 


p-0.000* 


EF <40% 


VF-Group 


Cumulative survival without sudden death 





stimulation and received no antiarrhythmic therapy during fol- 
low-up. 
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and 3-vessel disease (p = 0.03) are related to sudde 
death. Holter monitoring did not yield arrhythmic crite 
ria predictive of sudden death but did provide predicto: 
of nonfatal sustained VTs: ventricular pairs (p = 0.00¢ 
and ventricular salvos (p = 0.01). Stepwise Cox mult 
variate regression analysis showed that only an ejectio 
fraction of <40% (p = 0.001) and a history of myoca: 
dial infarction (p = 0.01) were independent predicto: 
of sudden death. The only independent predictor of th 
occurrence of sustained VT was the detection of ventri 
ular pairs during Holter monitoring (p = 0.004). 


DISCUSSION 

The prognosis of patients with sustained ventricul: 
tachyarrhythmia not inducible by baseline programme 
ventricular stimulation is controversial.?-!^ Difference 
in the patient groups, stimulation protocols and antia: 
rhythmic treatment during follow-up are probably th 
main reasons for controversy. Our prospective study ir 
cluded only patients in whom no obvious cause of acu! 
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ceived no antiarrhythmic therapy during follow-up. 
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arrhythmia had been established. Furthermore, all pa- 
tients taking antiarrhythmic therapy were excluded, be- 
cause it is often impossible to determine whether pa- 
tients taking drugs develop severe arrhythmia because 
or despite their therapy. 

Study protocol: Our protocol was standardized, i.e., 
the end of the study had been determined in advance. 
Thus, a patient whose arrhythmia was noninducible 
during the procedure was not subjected to 3 extrastimu- 
li, left ventricular stimulation or isoproteronol adminis- 
tration, as was used by others.?!0.14!7 Compared with 
other studies, our protocol was less aggressive. However, 
at the time our study was planned no reliable data exist- 
ed on an “ideal protocol.” It is remarkable that despite 
our less aggressive protocol the rate of noninducibility 
of patients was comparable with that of other investiga- 
tors.5:/03 The overall prognosis of our patients was 
poorer than in other studies.'!°'* Ten of 60 patients 
(17%) died of sudden cardiac arrest, and 9 (15%) devel- 
oped a symptomatic VT. In the study of Zeutlin et al,'* 
sudden death occurred in only 2 of 34 survivors (6%) of 
VF. The reason for the discrepancy probably lies in the 
different patient groups and the specific therapy during 
follow-up. In the group of Zeutlin et al, 15 of 43 pa- 
tients (35%) could be identified in whom ischemia 
might have induced or at least contributed to VF. An- 
other 42% of patients were receiving antiarrhythmic 
therapy while presenting with sustained tachyarrhyth- 
mia. Both antiischemic therapy (including bypass sur- 
gery) and the withdrawal of antiarrhythmic drugs may 
have caused the favorable outcome in this study group. 
Our study included only patients in whom ischemia was 
unlikely as a cause of arrhythmia. Nonspecific chest 
pain at the time of presenting arrhythmia was reported 
in only 2 cases, which we did not classify as due to myo- 
cardial ischemia. Additionally, exercise stress test re- 
sults were normal in both. Thirty-six patients (52%) had 
documented coronary artery disease but had been free 
of angina pectoris while taking anti-ischemic therapy 
during the previous 3 months. Kron et al!? also reported 
a good prognosis for patients with sustained tachyar- 
rhythmias. Only 1 of 21 patients died suddenly after a 
mean follow-up of 20 months. However, 30% of their 
patients were receiving antiarrhythmic drug treatment 
during the arrhythmic event. One should consider that 
these events were secondary to proarrhythmia and that 
drug withdrawal would have improved the patients’ out- 
come. To avoid misleading results, patients who had de- 
veloped VT or VF while receiving antiarrhythmic treat- 
ment were not included in our study. 

Underlying heart disease: Fifty-two percent of our 
patients had coronary artery disease, 28% dilated car- 
diomyopathy and 20% no overt heart disease. There was 
a clear trend to a worse outcome in coronary artery dis- 
ease patients with a sudden death rate of 26 versus 11% 
in patients with idiopathic dilated cardiomyopathy and 
0% in patients with no overt heart disease (p = 0.06). 
These results agree with those of Wilber et al’ but con- 
flict with those of Sager et al,!6 who identified patients 
with dilated cardiomyopathy as having a higher likeli- 
hood of recurrent sudden death than patients with coro- 
nary artery disease. 


Comparison between patients with ventricular fi- 
brillation and ventricular tachycardia: Patients with 
sustained ventricular tachyarrhythmias run a high risk 
of recurring arrhythmia.!-^ Many investigators have re- 
ported only on patients with cardiac arrest. Others have 
not differentiated between those with sustained nonfatal 
VT and those with cardiac arrest due to VF.!.!5 Our 
study demonstrated a different prognosis for patients 
with sustained VT and those resuscitated after primary 
VF. At 48% (10 of 21), the overall critical event rate 
(sustained VT or sudden death) was higher in the VT 
than in the VF group, 23% (9 of 39). With regard to 
sudden death the prognosis of patients who had cardiac 
arrest and those who had VT was almost identical. 
Therefore, we conclude that patients with hemodynamic 
stable VT have a relatively high risk of sudden death 
and not just stable nonfatal VT. 

Low versus high ejection fraction: Stratification of 
patients according to left ventricular ejection fraction 
demonstrated a higher rate of sudden death and VT re- 
currence in connection with reduced ejection fraction in 
both the VT and VF groups. Sudden death occurred in 
45% of the VF patients with reduced ejection fraction 
but in only 1 of 28 patients with an ejection fraction 
>40%. The results are similar to those of Wilber et al.’ 
Three (38%) of their 8 noninducible patients with cardi- 
ac arrest with a low ejection fraction and only 3 (11%) 
of 27 with ejection fraction >30% had recurrences of 
cardiac arrest during the 21 months of follow-up. Sager 
et al! also demonstrated a poorer prognosis in nonin- 
ducible patients with a reduced ejection fraction. The 
actuarial recurrence rate of cardiac arrest at 1 year was 
57% for patients with an ejection fraction <40% and 
only 13% for those with an ejection fraction >40%. In 
our VT group, reduced ejection fraction was associated 
with a higher sudden death rate than normal ejection 
fraction. Although the absolute number of our patients 
with VT who died suddenly was small, only 1 who died 
suddenly had an ejection fraction >40%. 

Natural history of patients with noninducible ven- 
tricular fibrillation and ventricular tachycardia: Our 
patients were discharged with no antiarrhythmic drugs, 
in line with our protocol. But each patient was treated 
with 8 blockers on an individual basis. These were not 
used specifically for anti-ischemic treatment, especially 
because patients with sustained ventricular arrhythmias 
due to myocardial ischemia had been excluded from the 
study. However, we believed that patients with docu- 
mented sustained tachyarrhythmias could not be left 
completely untreated despite noninducibility. It is not 
possible to determine how the outcome of our noninduc- 
ible patients was influenced by 8-blocker therapy. Beta 
blockers have been shown to decrease sudden death in 
patients who have had myocardial infarction. However, 
these results cannot be applied to a population consist- 
ing of patients with sustained VT or VF. 

None of our patients received an implantable auto- 
matic cardioverter defibrillator, because it was not 
available when our study was planned and started. 
Moreover, at that time there were very few, only contro- 
versial data on the natural course of noninducible pa- 
tients. 
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Our study has demonstrated a relatively high rate of 
recurrence in noninducible patients with sustained ven- 
tricular tachyarrhythmias who were not treated with 
conventional class I or III antiarrhythmic agents during 
follow-up. This was seen not only in patients with cardi- 
ac arrest due to VF but also in those with hemodynami- 
cally stable sustained VT. An additional determination 
of left ventricular dysfunction identified subgroups of 
noninducible patients with a poorer and better clinical 
outcome. Further studies should be performed in such 
risk groups to determine whether implantation of an 
automatic cardioverter defibrillator can improve clinical 
outcome. 
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Reproducibility of Stress Redistribution 





Thallium-201 SPECT Quantitative Indexes of 


Hypoperfused Myocardium Secondary to 
Coronary Artery Disease 
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To determine the reproducibility of quantitative in- 
dexes of hypoperfused myocardium by exercise 
thallium-201 single-photon emission computed to- 
mography, duplicate studies were performed in 16 
stable patients within 1 month. Twenty-three oth- 
er patients, with intervals up to 13 months be- 
tween studies, were retrospectively identified from 
medical records. Symptoms, weight, heart rate 
achieved and peak systolic blood pressure during 
the 2 studies were similar. Maximal counts cir- 
cumferential profiles’ polar maps were generated 
and divided into 3 vascular territories. The hypo- 
perfused myocardium was defined as the percent 
stress profile points below the normal level. The 
observed values were compared between the 2 
studies for each patient. Defect size ranged from O 
to 73%. The concordance correlation coefficient (a 
measure of the closeness of the data points to the 
line of identity) and mean absolute deviation were 
0.94 and 4.5%, respectively, when all patients 
were considered together, 0.93 and 3.2%, respec- 
tively in the reproducibility group, and 0.94 and 
5.1%, respectively, in the retrospective group. In- 
ter- and intraobserver reproducibility were also 
very high. For individual vessels, the concordance 
correlation coefficients were all >0.89 and the 
mean absolute deviations between 3.7 and 9%. 
Thus, in stable patients with repeat thallium stud- 
ies within a year, the percent hypoperfused myo- 
cardium is highly reproducible. 

(Am J Cardiol 1992;70:1255-1263) 
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yocardial perfusion studies are often used to 
M= the efficacy of therapeutic interventions 

such as coronary artery bypass surgery and 
angioplasty. With the increasing evidence that coronary 
atherosclerotic plaques develop over time,!-? there is a 
need for a test that can noninvasively assess small 
changes in the extent of hypoperfused myocardium. 
Thallium-201 single-photon emission computed tomog- 
raphy (SPECT) imaging has the potential to detect 
small changes in the extent of myocardium at risk due 
to total angular sampling of the left ventricle. We and 
other investigators previously developed and validated 
computerized methods for automatic detection and lo- 
calization of coronary artery disease with thallium-201 
SPECT.^*$ These methods also provide an index of 
the extent of hypoperfused myocardium. Thus, thalli- 
um-201 SPECT, combined with quantitative analysis, 
appears to be a promising tool for the noninvasive fol- 
low-up of patients with coronary artery disease. This po- 
tential use depends in part on the reproducibility of 
thallium-201 imaging for measuring the magnitude of 
myocardium at risk. However, little is known regarding 
the reproducibility of these measurements on repeat 
studies. Thus, the present study was performed to assess 
the reproducibility of the quantitative indexes of hypo- 
perfused myocardium routinely provided by our quanti- 
tative analysis program. 


METHODS 

Patients: Two groups of patients (retrospective and 
prospective) were studied. The retrospective group com- 
prised 23 patients (20 men and 3 women, mean age 57 
+ 12 years, range 37 to 78). This group underwent 2 
clinically ordered thallium-201 SPECT studies within 
13 months of each other (8 + 4 months) with no change 
in symptom status and no intervening cardiac events 
(myocardial infarction, angioplasty or coronary artery 
bypass surgery). Charts from 1986 to 1989 were re- 
viewed to select these patients. Patients were included in 
this group if they fulfilled the following inclusion crite- 
ria: (1) peak heart rate and systolic blood pressure dif- 
fered by <15% between the 2 studies, with no or mini- 
mal change in clinical or electrocardiographic responses 
during exercise; (2) a significant perfusion defect (2-396 
of total left ventricle) was present both visually and 
quantitatively on the initial SPECT study; (3) no major 
artifact, such as patient motion or upward creep of the 
heart, was present on either study^?; and (4) there was 
no change in antiischemic medications during the inter- 
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l PTCA AS AS 0 0 
2 DG ATA ATA 0 0 
3 DG NA AS 0 0 
4 CABG AS AS CP CP 
5 DG ATA ATA CP CP 
6 PTCA AS AS 0 0 
7 DG NA AS 0 0 
8 DG NA NA CP CP 
9 PTCA AS AS 0 0 
0 0 
CP 0 
0 0 
CP CP 
0 0 








val. This group was further divided into 2 subgroups 
(Table I). Group IA included 14 patients with no histo- 
ry of myocardial infarction; 4 had angioplasty before 
the first study (mean interval 14 + 12 months, range 4 
to 32) and 2 others had bypass surgery at 4 and 7 
months, respectively, before. Group IB comprised 9 pa- 
tients with prior myocardial infarction that occurred 36 
+ 28 months (range 2 to 72) before the first study; 1 
patient had angioplasty 6 months before the first study, 
and another had bypass surgery 2 months before. 

The prospective group (Table II) comprised 16 men 
(mean age 62 + 9 years, range 40 to 72). Five patients 
had a previous myocardial infarction (mean of 21 + 26 
months before testing, range 2 to 60), 4 had previous 
angioplasty (mean 18 + 21 months, range 3 to 48), and 
2 had prior bypass surgery (3 and 4 years, respectively, 
before the first study). All patients underwent a clinical- 
ly ordered thallium-201 scintigraphic study that demon- 
strated a reversible thallium-201 defect (n = 13) or no 
defect (n = 3) and was technically satisfactory. Using a 
protocol approved by the human subjects committee of 
Cedars-Sinai Medical Center, each patient had a repeat 
stress-redistribution SPECT study 3 to 4 weeks later 
(mean interval 24 + 17 days, range 6 to 60), to the 
same level of stress and with the same medications (if 
any). All patients had stable clinical symptoms, and 
none had an intervening cardiac event or a change in 
medical treatment. Four additional patients were en- 
tered in the protocol, but were excluded for the follow- 
ing reasons: In 1 patient, atrial fibrillation developed 
during exercise, resulting in a significantly shorter exer- 
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TABLE | Clinical Characteristics of Patients in Retrospective Group 
Pt. SPT1 SPT2 CL1 CL2 HR1 HR2 BP 1 BP2 ST1 ST2 
Group IA 


AS = asymptomatic; ATA = atypical angina; BP = peak systolic blood pressure; CABG = coronary artery bypass surgery; CL = clinical response to exercise; CP = chest pain; D = 
downsloping; DG = diagnostic; H = horizontal; HR = heart rate; MI = myocardial infarction; NA = nonanginal chest pain; PTCA = percutaneous transluminal coronary angioplasty; 
SPT = symptoms; ST = ST-segment depression (in mm); TA = typical angina; U = upsloping. 






152 163 190 170 1.6U 1.2U 
160 159 210 190 1.0U 

171 167 170 170 2.1D 

156 168 190 210 2.3H 

166 159 160 205 0 

169 170 190 230 0 

177 180 175 190 1.5U 

158 141 170 120 0 

161 153 210 200 2.8D 









cise duration for the second than for the first study (3 vs 
8 minutes). The second patient had a change in symp- 
toms, having typical angina and a positive treadmill test 
at the first study, and being asymptomatic and having a 
negative treadmill test at the second one. The third pa- 
tient was receiving 6-blocking medications at the time 
of the second test only, and achieved at that time a 
maximal heart rate 14% less than that at the first study 
(137 vs 159 beats/min). The fourth patient was exclud- 
ed for technical reasons, having a major “upward 
creep" artifact on the second study. 

Exercise and imaging protocol: Beta-blocking medi- 
cations were withheld for 48 hours, calcium antagonists 
for 24 hours and nitrates for 4 to 6 hours before testing, 
except for 10 patients whose tests were performed while 
receiving the same medications, at the discretion of the 
referring physician. Symptom-limited treadmill exercise 
was performed using the Bruce protocol. A dose of 3 to 
4 mCi of thallium-201 was injected at peak exercise, 
and exercise was continued for an additional minute. 
The electrocardiogram was monitored with 12 leads. 
The exercise electrographic response was considered 
ischemic if 21.5 mm upsloping, 1 mm horizontal or 0.5 
mm downsloping ST-segment depression developed in 
any lead. Blood pressure was assessed with a manual 
sphygmomanometer every 3 minutes. Exercise was 
maximal and was terminated prematurely only because 
of severe chest pain, exertional hypotension, severe ST- 
segment depression or arrythmias. Imaging was per- 
formed at 15 minutes and at 4 hours after injection. 
The supine position was used for SPECT in all patients 
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MI, CABG 
DG 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
CP 
0 
CP 





*Peak systolic blood pressure at study 1 was not recorded in chart. 
Abbreviations as in Table l. 


in the retrospective group and in 10 in the prospective 
group. The 6 other patients were imaged during the 2 
studies in the prone position, which potential advantages 
were assessed at that time in our laboratories, as well as 
in others. 

Image acquisition and processing: Thallium-201 
SPECT studies were acquired and quantified as previ- 
ously described.? Thirty-two projections were acquired 
over a semicircular arc for 40 seconds/stop, using 2 en- 
ergy windows. The scintillation cameras were equipped 
with a % inch thick sodium iodide thallium crystal, 75 
photomultiplier tubes and a low-energy, all-purpose, 
parallel-hole collimator. Maximal counts circumferen- 
tial profiles were generated from the tomograms and 
plotted on polar maps that were divided into 3 vascular 
territories. Perfusion defects were defined by the per- 
cent profiles’ points below the normal range for the left 
ventricle and each of the 3 vascular territories. Each 
study was immediately processed for clinical reporting. 
Twenty-nine of 32 studies in the prospective group were 
then reprocessed and requantified by a research tech- 
nologist (research processing). The 3 remaining studies 
were not reprocessed, because they could not be re- 
trieved from magnetic tape. Finally, the first study of 
each pair was reprocessed and requantified a second 
time by the same research technologist. Reprocessing 
was performed to assess the following: (1) interobserver 
reproducibility (clinical vs research processing), (2) in- 
traobserver variability (comparing the 2 research pro- 
cessing), and (3) reproducibility of the percent hypoper- 
fused myocardium in follow-up studies (comparing the 
first research processing in each pair of studies). Thirty- 
eight of 46 studies from the retrospective group were 
reconstructed and reprocessed by the research technolo- 
gist. The remaining studies could not be retrieved from 
magnetic tape. For each pair of reprocessed studies, the 
same number of short- and long-axis slices were selected 
for quantification. For the 11 studies that could not be 
reprocessed, the number of short-axis slices analyzed 
was approximately the same for each pair of studies (9 
+ 1 vs 9 +1; p = 0.36). 


Statistical analysis: The relation between the quan- 
titative indexes of hypoperfused myocardium at the first 
and second studies was assessed in each group using the 
linear regression method. Reproducibility is high when 
the plotted scores from the 2 studies are close to the line 
of identity (i.e., when the slope of the regression line is 
near 1, the intercept near 0, and the correlation coeffi- 
cient near 1). The degree to which these conditions are 
satisfied is summarized in the concordance correlation 
coefficient, as described by Lin.? The concordance cor- 
relation coefficient will always be < correlation coeffi- 
cient, with an ideal value of 1. The mean absolute devi- 
ation provides a measure of the expected size of the 
difference between the 2 studies. Invariably, if it is as- 
sumed that the size of differences between studies is not 
affected by defect size and that the errors are normally 
distributed, it can be expected that when no true change 
has occurred in the percentage of hypoperfused myocar- 
dium, the observed difference will be <1.6 X the mean 
absolute deviation in 80% of cases and that the method 
should be able to detect changes >1.6 X the mean abso- 
lute deviation with reasonable sensitivity. Heart rate, 
blood pressure and patient weight were compared be- 
tween studies using a 95% confidence interval based on 
the paired t test. 


RESULTS 

Clinical results in the retrospective group: There 
were no significant differences in heart rate achieved 
(153 + 19 vs 154 + 18 beats/min; p = 0.56), peak sys- 
tolic blood pressure (186 + 22 vs 189 + 24 mm Hg; 
p = 0.50) and patient weight (171 + 22 vs 171 + 23 kg; 
p 7 0.12) (Table I). The clinical responses to exercise 
(presence or absence of chest pain) were concordant in 
22 of 23 patients. The electrocardiographic responses to 
exercise were concordant, except for 4 patients in whom 
the responses were equivocal in 1 study and ischemic in 
the other. 

Clinical results in the prospective group (Table Il): 
There was no significant difference in heart rate (144 + 
23 vs 146 + 23 beats/min; p = 0.49) or peak systolic 
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TABLE Ili Relation Between Percent Hypoperfused Myocardium at Studies One and Two 
for Entire Left Ventricle 


All 

Prosp, all 
Prosp, no MI 
Prosp, MI 
Retro, all 

Retro, no MI 
Retro, MI 

All, no MI 

All, MI 

Interobs (prosp) 
Intraobs (prosp) 


95% CI MAD (96) 


0.89, 0.97 
0.81, 0.97 
0.61, 0.96 
0.68, 0.99 
0.87, 0.98 
0.72, 0.96 
0.86, 0.99 
0.77, 0.95 
0.90, 0.99 
0.91, 0.99 
0.95, 0.99 


Cl = confidence interval; Interobs = inter observer variability; Intraobs = intraobserver variability; MAD = mean absolute 
deviation; MI = patients with prior myocardial infarction; Prosp = prospective; rc = concordance correlation coefficient; 


Retro — retrospective. 


blood pressure (188 + 33 vs 191 + 37 mm Hg; 
p = 0.55). The exercise electrocardiographic responses 
were concordant in 12 of 16 cases; in 3, the responses 
were equivocal in 1 study, but ischemic in the other, by 
conventional criteria. In the fourth patient, the re- 
sponses were normal in 1 study and equivocal in the 
other. The clinical responses were concordant, except 
for 1 patient. 

Reproducibility for the left ventricle: When all 39 
patients were considered together, the concordance cor- 
relation coefficient was 0.94 (95% confidence interval 
0.89, 0.97), and the mean absolute deviation was 4.5% 
(Figure 1). Therefore, we would expect that changes in 
the percent hypoperfused myocardium >7.2% (mean 
absolute deviation X 1.6) would occur <20% of the time 


Yo HM STUDY 2 


NO MI 
o * 


Prosp 





re=,94 
mad 24.5 95 


for patients who do not have true change. Table II 
summarizes the agreement when patients were divide 
into subgroups. Intra- and interobserver variability ar 
summarized in Table III and illustrated in Figures : 
and 3. 

Reproducibility for the vascular territories (Tabl 
IV): The reproducibility for the left anterior descendin; 
territory (Figure 4) was similar to that for the entire lef 
ventricle, but was less for the left circumflex (Figure 5 
and right coronary artery (Figure 6) territories. 

Case example: Figure 7 shows the short-axis slice 
and corresponding delayed images from the 2 studies o 
patient 9 in group IA. An inferolateral wall perfusio 
defect was present, which was partially reversible afte 
4 hours. Figure 8 shows the polar displays and the cor 


FIGURE 1. Relation between the percent 
left ventricular hypoperfused myocardium 
(HM) at studies 1 and 2 in 39 patients. 
Straight line represents line of identity. 
mad = mean absolute deviation; MI = mye 


MI 
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responding percent hypoperfused myocardium values; 
they were very similar, except for the right coronary 
artery. 


DISCUSSION 

The reproducibility of thallium-201 SPECT quanti- 
tative indices of the extent of hypoperfused myocardium 
in patients with stable symptoms is unknown. Our study 


N 

> 

S 

FIGURE 2. intraobserver agreement for Fr 
(HM) v 

at study 1 in 15 patients of prospective = 
ae 


% HM PROCESSING #2 


indicates that this parameter is reproducible when using 
the maximum counts circumferential profiles technique. 

Retrospective versus prospective study: The results 
were similar in the 2 groups, although the groups were 
different. The prospective group was studied under a 
controlled protocol; the brief time interval and stable 
condition of patients precluded large change in the ex- 
tent of myocardium at risk. In contrast, the retrospec- 
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tive group was studied in a standard clinical setting in 
which the interval between studies was larger, and thus 
subject to a greater amount of potential change in the 
extent and severity of the underlying coronary stenosis. 
Thus, true reproducibility was assessed in the prospec- 
tive group, whereas the results in the retrospective 


i ca d eNews ae ee 
^a; 1! e- 75 r 


group reflected the amount of change occurring in sta 
ble patients, together with the error due to imperfec 
reproducibility. 

Reproducibility in subgroups: Reproducibility wa: 
high in all subgroups. It was higher in patients with pri 
or infarction than in those without. This may be due t 


TABLE IV Relation Between Percent Hypoperfused Myocardium at Studies One and Two 
for Three Vascular Territories 


No. of 
Cases 


95% CI MAD (%) 


Left Anterior Descending 


All 
Prosp 
Retro 
All, no MI 
All, MI 


All 

Prosp 
Retro 

All, no MI 
All, MI 


0.92, 0.98 
0.71, 0.96 
0.92, 0.99 
0.75, 0.95 
0.91, 0.99 


0.81, 0.94 
0.85, 0.98 
0.65, 0.93 
0.81, 0.96 
0.63, 0.95 


0.80, 0.94 
0.73, 0.95 
0.73, 0.95 
0.70, 0.93 
0.73, 0.97 


Of 39 pairs of studies, reproducibility for individual vascular territories was assessed in only 37 studies. 


Abbreviations as in Table Ill. 
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FIGURE 4. Relation between percent hy- 
poperfused myocardium (HM) at studies 1 


ry. Two studies could not be reprocessed. 
N = 37 Abbreviations as in Figures 1 and 2. 
rc = .96 
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FIGURE 5. Relation between percent hy- 
poperfused myocardium (HM) at studies 1 
and 2 for left circumflex territory. Two 
studies could not be reprocessed. Abbrevi- 
ations as in Figures 1 and 2. 


FIGURE 6. Relation between 
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better defect edge delineation and greater defect sever- 
ity, which are more frequently observed after myocardi- 
al infarction and result in a greater slope on the derived 
circumferential profiles. In the case of moderate defects, 
more frequently found in patients with ischemic abnor- 
malities, the borders of the defects are not as clearly 
demarcated on the circumferential profiles. However, 
we found high reproducibility in patients without myo- 
cardial infarction. Furthermore, in patients with no 
prior myocardial infarction studied prospectively (the 
group we consider the most clinically relevant), the con- 
cordance correlation coefficient was high (0.87), and 
the mean absolute deviation was the smallest observed 
(2.9%). Intra- and interobserver reproducibility were 
also very high. 

Reproducibility for individual coronary vessels: Re- 
producibility was higher for the left anterior descending 
territory than for the 2 others. A number of factors 
could explain this difference. First, the left anterior 
descending supplies the largest myocardial territory; 
therefore, a change in a set number of abnormal points 
will result in a smaller change in the percent defect size 
in this territory than in the smaller left circumflex and 
right coronary artery territories. A factor that may af- 
fect reproducibility in the right coronary artery territory 
is the possible presence of subtle upward creep of the 
heart.’ With respect to the left circumflex territory, er- 
rors in the determination of the center of the left ventri- 
cle and the interventricular junction may affect the 






STUDY 1 (2/26/87) 


STRESS By "^ O on ^ ^ ‘A 


alignment of the patient profiles to the normal limit pro- 
file and alter the extent of perfusion defects on the polar 
map. Of all 3 vascular territories, the left circumflex 
one is the most affected by alignment of patient profiles, 
because it is the myocardial region with the highest ac- 
tivity and the least variation in normal subjects, and 
thus, most vulnerable to overestimation of defect size 
from misalignment. 

Technical factors and reproducibility: In this study, 
we attempted to eliminate technical factors that could 
interfere with reproducibility. All patients were imaged 
using the same protocol and in the same position. Delib- 
erate attention was given to the steps requiring operator 
intervention during reconstruction and quantification of 
the tomograms, such as the determination of the axis of 
reconstruction in the transaxial and the vertical long- 
axis planes. Such errors could create false perfusion de- 
fects because of partial volume effect. As previously 
mentioned, a similar number of short-axis slices were 
used for reconstruction for each pair of studies, and 
great attention was given to the selection of the center 
of the left ventricle and interventricular junction. 

Study limitations: The percent hypoperfused myo- 
cardium, as analyzed by our program, is an index rather 
than a measure of true defect size. To assess the true 
size of a defect, a quantitative approach should correct 
for variation of myocardial slice mass from apex to 
base!? and quantify the most basal portion of the heart, 
both of which are not included in our current quantita- 





FIGURE 7. Short-axis tomograms of 2 
studies of patient 9 (retrospective group). 


FIGURE 8. Polar displays of processings 
of 2 studies shown in Figure 7. HM - hy- 
poperfused myocardium; LAD - left ante- 
rior descending; LCX = left circumflex; 

LV - left ventricle; RCA - right coronary 


% HM LV; = 31 LV, = 28 eho. 
LAD, = 5 LAD, = 4 
LCX, = 48 LCX2 = 48 
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tive method. However, because in this study patients 
served as their own controls, these limitations should be 
of minor clinical relevance. This technique has also been 
shown to accurately quantify infarct size in patients 
with acute myocardial infarction compared with enzy- 
matic estimates of infarct size.!! 

The number of patients studied was limited. Thus, 
there is the potential that certain types of defects may 
be less reproducible than others. For example, in pa- 
tients with very large apical infarcts (none in this 
study), it may be difficult to select the most apical 
short-axis slice to quantify, potentially decreasing the 
reproducibility of quantitative analysis. Only 3 women 
were included in this study; therefore, there is a poten- 
tial that these results may not apply with the same ac- 
curacy to women with breast attenuation and potential 
breast shift between studies. 

Clinical implications: As more interventional and 
noninterventional medical options have been made 
available for treating patients with coronary disease, it 
has become imperative to assess the relative efficacy of 
these options. Therefore, assessment of the extent of is- 
chemia as measured by stress-redistribution thallium 
scintigraphy appears to be a useful method for assessing 
the efficacies of treatment. Until now, however, the re- 
producibility of this technique was unknown. The high 
reproducibility shown in this study validates the use of 
this method to assess interventions. 


Acknowledgment: We are indebted to Dalilah Bellil, 
MD, for technical assistance, Marc Hyun, CNMT, for 
processing the studies, Lydia Hulet for preparation of 


the figures, and Diane Wayne for typing the manu- 
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Composition of Atherosclerotic Plaques in the 
Epicardial Coronary Arteries in Juvenile 
(Type I) Diabetes Mellitus 


Susanne L. Mautner, MD, Fengru Lin, MD, and William C. Roberts, MD 


The composition of atherosclerotic plaques in 331 
five-mm segments of the 4 major (left main, left 
anterior descending, left circumflex, and right) 
epicardial coronary arteries of 8 patients with ju- 
venile (mean age at onset, 9 years; mean age at 
death, 29 years) diabetes mellitus was determined 
by computerized planimetric analysis. Analysis of 
all coronary segments disclosed that the plaques 
consisted primarily of dense (53%) and cellular 
(38%) fibrous tissue. Pultaceous debris (7%), 
foam cells (1.2%) and calcific deposits (0.7%) oc- 
cupied a small percentage of the plaques. Thus, 
91% of the coronary plaques in these young dia- 
betic patients consisted of fibrous tissue and near- 
ly all of the remaining 9% consisted of lipid depos- 
its. Analysis of composition according to degrees 
of cross-sectional luminal narrowing revealed 
marked increases in dense fibrous tissue (from 31 
to 74%), pultaceous debris (from 3 to 12%), and 
calcific deposits (from 0% to 3%) as the cross-sec- 
tional area narrowing increased from <25% to 
>75%. Compared with older patients with fatal 
coronary artery disease, the patients with juvenile 
diabetes had more dense fibrous tissue and pulta- 
ceous debris and less calcific deposits. 

(Am J Cardiol 1992;70:1264-1268) 
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have an increased risk of significant atheroscleros 

compared with similar aged nondiabetic patient: 
Despite this fact, the composition of the atheroscleroti 
plaques in such patients has not been reported. Accorc 
ingly, we examined quantitatively the composition c 
atherosclerotic plaques in the 4 major epicardial corc 
nary arteries in 8 patients with juvenile diabetes melli 
tus. 


if is well recognized that patients with diabetes mellitu 


METHODS 

Clinical features: Certain observations in the 8 pa 
tients are summarized in Table I. The patients range 
in age from 19 to 38 years (mean 29) at death, and a 
ages 2 to 13 (average 9) the onset of symptoms or sign 
of diabetes appeared. The duration of insulin therapy i 
the 8 patients averaged 20 years. The serum total chc 
lesterol was >240 mg/dl in 5 of 6 patients. Three of th 
8 patients had indirect systemic systolic arterial pres 
sures >160 or diastolic pressures >100 mm Hg, c 
both, on multiple occasions. Although no patient had 
clinical event recognized as acute myocardial infarctio1 
2 patients (cases 7 and 8, Table I) had transmural acut 
myocardial infarcts at necropsy , and death in each « 
them was attributed to the infarct. 

Methods of examining the coronary arteries at nec 
ropsy: All 4 major epicardial coronary arteries wer 
dissected from the heart intact, decalcified, and sec 
tioned transversely at 5-mm intervals. They were dehy 
drated, cleared, embedded in paraffin, cut and staine 
by the Movat method. A total of 331 five-mm segment 
were examined. Evaluation was done by planimetry (de 
scribed in detail in a previous publication!), outlinin 
the internal elastic membrane, residual lumen, an 
components of the plaque, such as dense fibrous tissu: 
cellular fibrous tissue, calcific deposits, pultaceous dt 
bris, foam cells, foam cells with lymphocytes, and ir 
flammatory cells without foam cells (Figure 1). Th 
area of each component of plaque was then converted t 
a percentage of the total plaque area. For each patier 
the mean plaque composition was determined by calci 
lating the mean of all 5-mm segments of the 4 coronar 
arteries of each patient. The total mean for the 8 px 
tients was calculated as the mean of all 331 segmen 
(Table II, Figures 2 and 3). For comparison with prev 
ous studies the total mean was calculated in the sam 
fashion used in those studies, i.e., the total mean we 
based on the mean of each patient rather than on a 
segments (Figure 4). The degree of cross-sectional lum 
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nal narrowing was categorized into 5 groups: 0 to 25%, 
26 to 50%, 51 to 75%, 76 to 95%, and 96 to 100%. 


RESULTS 

Cross-sectional area narrowing: The results are 
summarized in Table II and in Figures 2 and 3. In 6 of 
the 8 patients, 1 or more epicardial coronary arteries 


were narrowed by atherosclerotic plaque >75% in cross- 
sectional area. Of the 331 five-mm coronary segments 
examined, 68 (21%) were narrowed >75% in cross-sec- 
tional area by plaque. 

Plaque composition: Plaque composition in all 331 
five-mm segments in each of the 8 patients is sum- 
marized in Table II. Fibrous tissue was the domi- 


TABLE I Clinical Observations in the Eight Patients with Juvenile Diabetes Mellitus 


Duration 
of DM 
(years) 


Age Age 
(years) at (years) at 
Death Onset DM 


A m See P Ses Y 


*Highest value recorded. 
tUsual value one to six months before death. 


BPt 


TC* BUNT (mmHg) Cause of 


NS 


(mg/dl) 


mg/dl 


(s/d) 


100/80 
130/80 
120/70 
240/140 
270/150 
240/140 
130/70 
130/80 


CHF 


Death 


Infection 
Hodgkin's 
Renal 
Renal 
Renal 
CNS bleed 
AMI 

AMI 


AMI = acute myocardial infarction; BP = blood pressure; BUN = blood urea nitrogen; CHF = congestive heart failure; CNS = central nervous system; DM = diabetes mellitus; NS = 


nephrotic syndrome; s/d = peak systole/end diastole; TC = serum total cholesterol. 








FIGURE 1. Photograph of a coronary artery in cross section with the internal elastic membrane (IEM), residual lumen, and the 


components of plaque outlined: cellular (CFT) and dense fibrous tissue (DFT) as predominant contributors to the narrowing of 
the lumen, foam celis (FC) located on the luminal surface, and an area of pultaceous debris (PD) located deeper in the plaque. In 
the lumen is some postmortem thrombotic material. The patient died at age 37 of an acute myocardial infarct. (Movat stain < 


37, reduced by 32%). 
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TABLE Il. Necropsy Findings in the Eight Patients with Juvenile Diabetes Mellitus 
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= left 


inflammatory cells without foam cells; LV 


foam cells plus lymphocytes; HW = heart weight; ICWFC 


calcific deposits; CSA = cross-sectional area; DFT = dense fibrous tissue; F = fibrosis; FC = foam cells; FC+L 


pultaceous debris. 


CFT = cellular fibrous tissue; CD 


ventricular; N = necrosis; PD 











nant component, comprising an average of 91% of th 
plaques: dense fibrous tissue made up 53% and cellula 
fibrous tissue 38%. Pultaceous debris, which is primar 
ly extracellular lipid, comprised an average of 7% of th 
plaques. Intracellular lipid in the form of foam cell ag 
gregates comprised an average of 1% of the plaque: 
Plaque composition was similar in each of the 4 majo 
coronary arteries (Figure 2) and varied according t 
degrees of cross-sectional area narrowing (Figure 3) 
Dense fibrous tissue increased from 31% in the 0 t 
25% narrowing category to 74% in the combined 76 t 
100% narrowing category; pultaceous debris and calcif 
ic deposits increased from 3 and 0%, respectively, in th 
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FIGURE 2. Graph showing mean coronary arterial plaque 
composition in the 4 major epicardial coronary arteries. The 


scending coronary artery; LC - left circumflex; LM - left 
main; PD = pultaceous debris; R = right coronary artery. 
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5-mm 0-25% 26-50% 51-75% 76-95% 96-100% 
segments (130) (62) (71) (62) (6) 


FIGURE 3. Graph showing mean coronary arterial plaque 
composition in each of the 5 categories of cross-sectional are: 
narrowing. The number of total 5-mm segments for each cor- 
onary artery is shown in parentheses. Abbreviations as in Fig 
ure 2. 
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Mean % Plaque Composition 
Mean % Plaque Composition 


0-25% 26-50% 51-75% 76-100% 


calcitic D i 


Mean % Plaque Composition 
Mean % Plaque Composition 


26-50% 51-75% 76-100% 


FIGURE 4. Graph comparing mean coronary 


0-25% 26-50% 51-75% 76-100% 


0-25% 26-50% 51-75% 76-100% 





in each of the 4 categories of cross-sectional narrowing 


arterial plaque composition 
in the present study of patients with juvenile diabetes mellitus (DM) and in previously reported patients with fatal acute myocar- 
dial infarct (AMI), sudden coronary death (SD), unstable angina pectoris (UAP), and women <40 years of age (F <40). 


0 to 25% narrowing category and to 12 and 3%, respec- 
tively, in the combined 76 to 100% narrowing category. 
Cellular fibrous tissue and foam cells decreased with 
increasing degrees of cross-sectional area narrowing: 
from 63 and 2%, respectively, in the 0 to 25% narrowing 
category, and to 11 and 0%, respectively, in the 76 to 
100% narrowing category. 


DISCUSSION 

As is well appreciated, patients with juvenile diabe- 
tes mellitus at necropsy generally have rather severe de- 
grees of narrowing of the major epicardial coronary 
arteries by atherosclerotic plaque.” In 6 of the 8 pa- 
tients, 1 or more major epicardial coronary arteries was 
severely (>75%) narrowed by plaque, and 21% of all 5- 
mm segments of the major coronary arteries were nar- 
rowed >75% in cross-sectional area. The dominant 
component (91%) of the plaques was fibrous tissue. In 
each of the 4 major coronary arteries, plaque composi- 
tion was similar. 

Comparing our findings in the 8 patients with juve- 
nile diabetes to older patients (mean age 59 years) with 
fatal coronary artery disease (acute myocardial infarc- 
tion,! sudden death,! unstable angina pectoris?), and to 
young nondiabetic women (mean age 34 years) with fa- 
tal coronary disease* disclosed similarities and dissimi- 
larities in plaque composition (Figure 4): dense fibrous 


tissue, pultaceous debris and calcific deposits increased 
in all 5 patient groups with increasing degrees of cross- 
sectional area luminal narrowing. In contrast, cellular 
fibrous tissue decreased in all 5 patient groups as the 
luminal area decreased (or as plaque size increased). 
The patients with juvenile diabetes had the highest per- 
centage of dense fibrous tissue in all categories of nar- 
rowing. They also had the smallest percentage of calcif- 
ic deposits in nearly every category of cross-sectional 
area narrowing. 

Although only 8% of the 331 five-mm sections of 
coronary plaque in the 8 patients with juvenile diabetes 
consisted of lipid (intracellular or extracellular), a wide 
variation was observed in individual patients. Patient 4 
(Table II), for example, had no lipid in any of his 
plaques (37 five-mm coronary sections); in patient 1, in 
contrast, nearly 1796 of her plaques (47 five-mm coro- 
nary sections) consisted of lipid. Because lipid deposits 
can regress with lowering of serum total cholesterol lev- 
els,> the potential for plaque reversibility or shrinkage is 
much greater in patient 1 than in patient 4. If cellular 
fibrous tissue is reversible as well, and there is some 
experimental evidence that that might be the case,° then 
the potential for plaque reversibility was present in all 8 
patients. 
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Effects of Infusion of L-Arginine into the Left 
Anterior Descending Coronary Artery on 
Acetylcholine-Induced Vasoconstriction of 
Human Atheromatous Coronary Arteries 

Jean-Luc Dubois-Randé, MD, Robin Zelinsky, MD, Frangoise Roudot, MD, 


Pierre Etienne Chabrier, PhD, Alain Castaigne, MD, 
Herbert Geschwind, MD, and Serge Adnot, MD 


Hypercholesterolemia and atherosclerosis are con- 
ditions associated with impaired endothelium-de- 
pendent relaxation. In hypercholesterolemic ani- 
mals, intravenous administration of L-arginine, 
the precursor of nitric oxide, normalizes endotheli- 
um-dependent vasodilator activity. In the present 
study, we questioned whether intracoronary ad- 
ministration of L-arginine in patients with coro- 
nary artery disease could improve coronary vascu- 
lar reactivity to acetylcholine. Thirteen hypercho- 
lesterolemic patients with diffuse coronary 
atherosclerosis but nonstenotic lesions of the left 
anterior descending (LAD) coronary artery were 
investigated. Quantitative coronary angiography 
and subselective intracoronary Doppler flow veloc- 
ity measurements were performed to determine 
LAD diameters and coronary blood flow. Intracor- 
onary infusion of acetylcholine was performed 
during 3 consecutive 3-minute periods at incre- 
mental rates adjusted to achieve estimated final 
concentrations of 5 x 1077, 1079 and 5 x 10$ M. 
After evaluation of the response to acetylcholine, 
L-arginine was infused into the LAD at the rate of 
25 mg/min (10-3 M) and the same stepwise 3-min- 
ute infusions of acetylcholine were repeated dur- 
ing infusion of L-arginine. Infusion of acetylcho- 
line induced a dose-dependent reduction of distal 
epicardial LAD diameter reaching —48.5 + 17% 
at 5 x 10-6 M (p «0.01 vs control values). L-argi- 
nine alone had no effect on the distal LAD diame- 
ter but attenuated acetylcholine-induced vasocon- 
striction to -21 + 996 at 5 x 10^$ M acetylcholine 
(p «0.01). Coronary blood flow showed a biphasic 
response to acetylcholine, increasing by 41 + 

12% at 5 x 10-7 M (p <0.01) and decreasing by 
21 + 13% at 5 x 10-6 M (p <0.05). Infusion of L- 
arginine was associated with a 15 + 11% increase 
in coronary blood flow (p «0.01). The simulta- 
neous infusion of acetylcholine resulted in an in- 
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crease in coronary blood flow of 53 + 1296 (p 
<0.01) and of 17 + 11% (p «0.05) at 5 x 10-7 M 
and 5 x 10-6 M, respectively. Consequently, in re- 
sponse to 5 x 10-6 M acetylcholine, coronary re- 
sistance increased by 53 + 17% during control 
conditions (p «0.01) whereas it tended to de- 
crease (—8.5 + 15%) during simultaneous infusion 
of L-arginine. The results show that, in patients 
with coronary artery disease, intracoronary infu- 
sion of L-arginine alleviates the vasoconstrictor 
action of acetylcholine, suggesting improvement of 
endothelium-dependent relaxation in coronary 
arteries. 

(Am J Cardiol 1992;70:1269-1275) 


various pathologic conditions such as hypercho- 

esterolemia, atherosclerosis and systemic hyper- 
tension.!? In patients with coronary artery disease, in- 
tracoronary infusion of acetylcholine induces coronary 
vasoconstriction instead of vasodilation.^^ Because en- 
dothelium-independent vasodilator agents such as nitro- 
vasodilators exert vasodilation in segments constricted 
by acetylcholine, the inappropriate vasoconstrictor re- 
sponse to acetylcholine has been ascribed to endothelial 
dysfunction with impaired synthesis or release of en- 
dothelium-derived relaxing factor. Endothelium-derived 
relaxing factor has now been identified as nitric oxide or 
as a nitric oxide-related substance.^6 In endothelial 
cells, nitric oxide is derived from L-arginine through si- 
multaneous formation of nitric oxide and citrulline by a 
constitutive calcium-dependent synthase."? In normal 
vessels, there appear to be sufficient amounts of the sub- 
strate L-arginine for conversion to nitric oxide at a max- 
imal rate.!0!! However, under certain circumstances, 
the administration of L-arginine is critical for restora- 
tion of endothelium-dependent relaxation.5!?-!4^ In the 
present study, we questioned whether intracoronary in- 
fusion of L-arginine at a concentration shown to nor- 
malize endothelium relaxation in experimental studies 
could improve coronary vascular reactivity in patients 
with coronary artery disease and hypercholesterolemia. 


issn: iai co vasodilation is impaired in 


METHODS 
Patient selection: Thirteen patients (10 men, 3 
women, mean age 56 + 7.5 years) undergoing diagnos- 
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TABLE I Patient Characteristics 


Serum 
Cholesterol 
Level (mg/dl) Smoking Diabetes Hypertension 


Age (yr) 
Pt. & Sex 


65M 
54 M 
65F 
50 M 
61F 
45M 
65M 
51M 
43 F 
62 M 
61M 
55M 
56 M 


Mean 56+ 7.5 
+ SD 


255 
240 
250 
270 
245 
250 
290 
325 


282 + 31 


bP tot FO hd iS eT. 9c 


me ieee Soe ww eke 


ET em T Ce E ae ee m 


tic cardiac catheterization for investigation of coronary 
artery disease were considered for enrollment in this 
protocol. They all had diffuse luminal irregularities all 
along the left anterior descending (LAD) coronary ar- 
tery, with no focal stenosis >30% in diameter narrowing 
on diagnostic coronary angiography. All patients were 
hyperlipidemic at the time of the study with an average 
serum cholesterol level of 282 + 31 mg/dl. Six patients 
were smokers, 2 were hypertensive and 1 was diabetic 
(Table I). Ten patients had a severe stenosis (27090 
narrowing) in 1 other coronary artery (circumflex ar- 
tery, n = 8; right coronary artery, n = 2). Patients with 
unstable angina, recent myocardial infarction or clinical 
evidence of heart failure were excluded. All patients 
gave written informed consent before the studies. The 
study protocol was approved by the local ethical com- 
mittee. 

Study design: Vasoactive therapy including calcium 
antagonists, angiotensin-converting enzyme inhibitors 
and long-acting nitrates was discontinued 224 hours 
before catheterization. No patient received -adrenergic 
blockers within 48 hours before the study. Only unre- 
stricted use of short-acting sublingual nitroglycerin was 
allowed up to 1 hour before the study. A 8.0Fr guiding 
catheter was first positioned in the ostium of the left 
coronary artery. A 3.0Fr Doppler catheter (Nu Vel, Nu 
Med Inc., Fridley, Minnesota) with a side-mounted 
crystal of 20 MHz was advanced through the guiding 
catheter into the proximal segment of the LAD distal 
to any large branch. The Doppler catheter position and 
the range gate control were not changed thereafter. 
Throughout the experimental protocol, the mean and 
phasic coronary blood flow velocities, the electrocardio- 
gram and mean arterial pressure (through the guiding 
catheter) were monitored continuously. 

Study protocol: Infusions were given by constant- 
rate infusion pump (Vial Medical, Grenoble, France) 
with concentrations adjusted to keep a final constant 
infusion rate of 1 ml/min. A 5% dextrose solution was 
first administered for 5 to 10 minutes to ensure hemo- 
dynamic stability (control values). Then, serial 3-minute 
acetylcholine LAD infusions were performed through 
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the central lumen of the Doppler catheter to obtain 
graded concentrations of 5 X 1077, 1076 and 5 X 10~¢ 
M, assuming a theoretical LAD blood flow of 80 
ml/min. Infusion of acetylcholine was followed by a 
recovery period during which a 5% dextrose solution 
was administered. Then, L-arginine, previously tested 
for apyrogenicity (Novabiochem, Laüfelfingen, Swit- 
zerland), was infused through the Doppler lumen cathe- 
ter to achieve a calculated final blood concentration of 
107? M. Five to 10 minutes after administration of L- 
arginine, the same stepwise 3-minute infusions of ace- 
tylcholine were repeated during infusion of L-arginine. 

Serial hand injections of nonionic contrast medie 
into the left main stem were performed at control anc 
just before the end of each infusion (Iopamidol, Scher- 
ing Laboratories, France). After completion of this pro 
tocol, a bolus of 1 mg of SIN-1 was injected througl 
the guiding catheter lumen into the LAD and a final 
angiogram was obtained after 2 minutes to assess the 
vasodilatory response of the coronary arteries. 

Because this sequence of drug administration wa: 
conducted in all patients, we verified in 5 of these pa- 
tients a possible blunted vasomotor response to repeatec 
stepwise doses of acetylcholine. In these patients, acetyl. 
choline infusions were repeated twice before a third in- 
fusion phase performed under infusion of L-arginine. 

Analysis of coronary arterial dimensions: Genera. 
Electric-CGR (Issy les Moulineaux, France) x-ray 
equipment was used in all experiments. In each patient 
the more suitable single-plane coronary angiogram 
was defined before starting the protocol. The LAD wa: 
positioned in the center of each field-of-view anc 
the same position was kept constant throughout tht 
study. Coronary cineframes were recorded on video 
tapes (UL. MATIC SPVO-9600P, Sony) at the rate of 2° 
frames/s connected to a video interface. After each cor: 
onary segment of interest was centered, end-diastolic 
video frames selected by 2 experienced cardiologist: 
were digitized using an A.L.R. (Dart/12) computer 
The frames selected for analysis were digitized in a ma: 
trix size of 512 X 512 pixels with an 8-bit gray scale 
With the use of a 16 cm field-of-view, the resulting res 
olution of the digitized frame was 4 pixels/mm. Th« 
image was calibrated based on the known size of the 
angiography catheter. Calibrated grids filmed at iso 
center were used to scale the data from pixels to milli 
meters. Pincushion distortion was found to be small 
measurements made at the periphery varied <3% fron 
those made at the center. Therefore, no correction wa: 
used. Fixed anatomic coordinates were used to repro 
duce the same region of interest to assess serial changes 
Coronary segments were measured both at the Dopple 
tip catheter site and at the site of a defined region of the 
distal LAD coronary artery. Automatic vessel segmen 
contour detection was performed using a computer sys 
tem developed by T.S.I (Marne-la-Valleé, France). Th: 
accuracy and precision of this technique was validate 
in previous studies.!° Additionally, the diameter mea 
surements were made by an operator who was unawart 
of the conditions being studied. 

Estimates of coronary blood flow changes: For esti 
mating changes in coronary blood flow, a coronary flov 
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TABLE Il Systemic Hemodynamics 


Mean blood pressure 
(mm Hg) 


Heart rate (beats/min) 65+3 62+2.7 61+3 60+3.1 


98+3 100226 10123 10323.5 100229 10423 


63 + 3 


101+2.8 100 £29 101429 9843.2 


62:29 62243... 6222.9 62425" 6223 


Al = 5 x 10-7 M acetylcholine infusion; A2 = 10-6 M acetylcholine; A3 = 5 x 10-6 M acetylcholine; C1 = control before acetylcholine infusion; C2 = control before L-arginine 
infusion; L = 10-3 M L-arginine infusion; LA1, LA2, LA3 = simultaneous infusion of 10-3 L-arginine and 5 x 10-7 M, 10-6 and 5 x 10-6 M acetylcholine, respectively; SIN 1 = 


infusion of 1 mg bolus of linsidomine. 


index was calculated by multiplying the mean Doppler- 
derived blood flow velocity with the estimated vessel 
cross-sectional area at the catheter tip as determined 
from the change in diameter measured in the optimal 
single-plane view. Vessel cross-sectional area was calcu- 
lated assuming a circular shape. Coronary resistance in- 
dex was calculated as the quotient of mean arterial 
pressure and coronary blood flow index. 

Statistical analysis: All data are presented as mean 
+ SEM. Statistical comparison of angiographic and 
hemodynamic parameters between control values and 
drug infusions were performed by a 2-way analysis of 
variance for repeated measures models. The Wilcoxon 
nonparametric paired test was then used for pairwise 
comparisons. 


RESULTS 

Systemic hemodynamic responses: Systemic hemo- 
dynamic responses are summarized in Table II. Intra- 
coronary infusion of acetylcholine had effect neither on 
the heart rate nor on the mean arterial pressure. Simi- 
larly, L-arginine infusion or the simultaneous infusion 
of L-arginine and acetylcholine did not affect hemody- 
namic parameters. 

Response of epicardial coronary arteries: The di- 
ameter of the proximal epicardial LAD artery de- 
creased slightly in response to acetylcholine infusion 
from a mean control diameter of 2.58 + 0.06 to 2.48 + 
0.09 mm at the highest acetylcholine dose (—7%) (p 
<0.01). Infusion of L-arginine did not change proximal 


E 
E 
FIGURE 1. Vasomotor response of distal o 
left anterior descending (LAD) coronary D 
to infusion of acetyl- E 
choline (Ach). Infusion of 5 
alone (boxes) resulted in a a 
vasoconstriction at 5 x 10-7 (p <0.05), < 
10-* (p <0.01) and 5 x 10^$ M (p <0.01). x 
L-arginine (L-arg) infusion (triangles) re- o 
sulted in an alleviation of acetyicholine-in- E. 
duced vasoconstriction. C = control values; | © 
° =p < 0.01: L-arginine + 
versus acetyicholine alone. 








epicardial coronary artery diameter as compared to a 
second recording of control values performed after com- 
pletion of acetylcholine infusion (2.61 + 0.07 vs 2.57 + 
0.07 mm, p= not significant [NS]). During infusion 
of L-arginine, acetylcholine resulted in no significant 
change in proximal epicardial LAD diameter: At the 
highest acetylcholine dose, the proximal epicardial LAD 
diameter was 2.52 + 0.07 vs 2.58 + 0.07 mm (—2%) 
(p = NS). 

The vasomotor response of the distal LAD is shown 
on Figure 1. All patients received the 3 doses of acetyl- 
choline. The arterial diameter decreased in a dose-de- 
pendent fashion in response to acetylcholine. At the 
highest dose, distal diameter decreased by 48.5 + 17% 
(p <0.01). Additionally, the infusion of acetylcholine at 
an estimated concentration of 5 X 1076 M resulted in 
chest pain associated with a vasoconstriction of >50% 
of the distal LAD in 7 patients. The 6 other patients 
remained asymptomatic despite a 31 + 8% vasocon- 
striction (p <0.01). The subsequent intracoronary infu- 
sion of L-arginine did not affect coronary diameter as 
compared to a second recording of control values per- 
formed after completion of acetylcholine infusion. Dur- 
ing L-arginine infusion a dose-dependent vasoconstric- 
tion to acetylcholine was still observed but was signifi- 
cantly lower than without L-arginine. At the highest 
acetylcholine dose, the distal diameter decreased by 21 
+ 9% (p <0.01) (Figure 1), and only 3 of the 7 patients 
who complained of chest pain before L-arginine infu- 
sion were still symptomatic. Intracoronary infusion of 1 


with L-arg 


without L-arg 


10-6 5x10-6 M Ach 
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mg bolus of linsidomine increased luminal diameter 
both at the proximal and distal LAD coronary artery 
sites by 8 + 2 and 16 + 6%, respectively (p <0.01). 
Figure 2 shows the distal epicardial coronary artery 
diameter during repeated sequential infusions of acetyl- 
choline performed in 5 patients. In response to the 3 
serial doses of acetylcholine, all patients experienced a 
dose-dependent vasoconstriction by 9 + 8, 28 + 6 and 
41 + 9%, respectively. At the second series of acetylcho- 
line infusions, a trend to a more severe vasoconstriction 
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was observed; the distal diameter decreased by 17 + 8, 
36 + 6 and 53 + 10%, respectively. In these patients, 
further infusion of L-arginine resulted in alleviation of 
acetylcholine vasoconstrictor action. 

Coronary blood flow response: Before infusion of 
acetylcholine, coronary blood flow index was 46.8 + 6.3 
ml - min^!. Coronary blood flow index showed a bi- 
phasic response, increasing in response to the infusion ol 
acetylcholine at the estimated doses of 5 X 1077 M anc 
1076 M by 41 + 12% (p <0.01 vs control) and by 20 + 


FIGURE 2. Effect of repeated 
line infusion on distal left anterior de- 
scending coronary diameter and 
coronary blood flow (CBF) performed in 5 
Al, A2, A3=5 x 1077, 10^$ 
and 5 x 10-* M acetylcholine; C1 = con- 
trol values before the first serial infusions 
of acetyicholine; C2 = control values be- 
fore the second serial infusions of acetyl- 
choline; C3 = control values before L-argi- 
nine (L-arg) infusion. LA1, LA2, LA3 = 
combined infusion of L-arginine and ace- 
tyicholine at 3 incremental doses. SIN- 
1 = intracoronary infusion of 1 mg bolus 
linsidomine. 


C3 L-arg LA! LA2 LA3 


FIGURE 3. Effect of intracoronary infu- 
sion of acetyicholine (Ach) on coronary 
blood flow (CBF) index. Infusion of acetyl- 
choline alone (boxes) resulted in a bi- 
phasic response in coronary blood flow. 
Coronary blood flow index increased at 
the lowest doses and decreased below 
control values (C) at the highest acetylcho- 
line dose. During L-arginine (L-arg) infu- 
during acetyicholine 


response 
but coronary blood flow was maintained. 
*p «0.05; **p «0.01 versus control val- 
ues; °p «0.01: L-arginine + acetylcholine 
versus acetyicholine alone. 
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12% (p = NS), respectively, and decreasing at the high- 
est dose of acetylcholine by 21 + 13% (p <0.05) (Fig- 
ure 3). The response of coronary blood flow index var- 
ied among patients. It decreased below control values at 
5 X 1076 M acetylcholine by —26 + 8% (p <0.01) in 
the 7 patients who developed marked vasoconstriction 
(25096), whereas it was near control values in the re- 
maining 6 patients (+ 2 + 11%, p = NS). There was no 
correlation between the extent of epicardial vasocon- 
striction of the distal LAD and the decrease in coronary 
blood flow index. 

Before L-arginine infusion, coronary blood flow in- 
dex returned to baseline (47 + 6 ml - min^!, p= NS). 
Infusion of L-arginine induced a slight but significant 
increase in coronary blood flow of 15 + 11% (p <0.01). 
During simultaneous infusion of L-arginine and acetyl- 
choline, coronary blood flow index increased versus con- 
trol values by 55 + 1296 (p <0.01), 34 + 9% (p <0.01) 
and 17 + 10% (p <0.05) at 5 X 1077, 1076 and 5 X 
1076 M acetylcholine respectively (Figure 3). Changes 
in coronary resistance index throughout the study are 
shown in Figure 4. Comparison between individual cor- 
onary resistance index at the highest acetylcholine dose 
in the presence or absence of L-arginine infusion is 
shown in Figure 5. 


DISCUSSION 

The present data show that in patients with coronary 
artery disease, intracoronary infusion of L-arginine alle- 
viates the vasoconstrictor action of acetylcholine and in- 
creases coronary blood flow. The results are consistent 
with an improvement of endothelium-dependent dilation 
in coronary arteries by L-arginine. Acetylcholine-in- 
duced constriction of human coronary arteries in vivo is 
usually ascribed to endothelial dysfunction. In angio- 
graphically normal coronary arteries, intracoronary ace- 
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tylcholine at doses from 107? to 107^ may increase 
or may not alter epicardial coronary artery diame- 
ter, whereas it consistently increases coronary blood 
flow.!6-9 Higher doses of acetylcholine decrease 
coronary arterial diameter but still increase coronary 
blood flow.!? In patients with coronary artery disease, 
constriction of epicardial coronary arteries is a usual 
response to intracoronary acetylcholine, whereas coro- 
nary blood flow may increase or decrease depending on 
the dose infused and the extent of atherosclerotic le- 
sions, 417.18 

In our patients with coronary atherosclerotic lesions, 
intracoronary acetylcholine infusion at the 2 lowest dos- 
ages consistently induced a decrease in the diameter of 
the distal segments of epicardial coronary arteries but 
simultaneously increased coronary blood flow and de- 
creased coronary resistance. Therefore, the net effect of 
acetylcholine was interpreted as a predominant dilation 
of resistance arteries at these dosages. At the highest 
dosage however, acetylcholine induced a further de- 
crease in coronary arterial diameter but additionally 
caused a reduction in coronary blood flow. This was 
particularly conclusive in 7 of our patients who devel- 
oped intense and diffuse vasoconstriction and whose 
coronary blood flow at this dosage was markedly de- 
creased. The vasoconstrictor response to acetylcholine of 
large coronary arteries could therefore be proposed as 
the main mechanism accounting for the overall decrease 
of coronary blood flow in our patients. We cannot ex- 
clude, however, that in some of these patients, constric- 
tion of small resistance vessels developed in response to 
the highest dosage of acetylcholine and contributed to 
the reduction in coronary blood flow. Indeed abnormal 
endothelium-dependent vasodilation of the coronary mi- 
crocirculation was recently demonstrated in experimen- 
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tal atherosclerotic animals?? and in humans,!? suggest- 
ing that small resistance arteries could contribute to the 
overall constrictor effect of acetylcholine. In our pa- 
tients, all coronary artery segments dilated in response 
to intracoronary infusion of 1 mg bolus of linsidomine, 
reflecting preserved ability of vascular smooth muscle to 
relax. 

Previous studies have shown that L-arginine is oblig- 
atory for nitric oxide-mediated endothelium relaxation 
of arterial tissue.°-? The L-arginine competitive antago- 
nist of arginine metabolism, L-N-monomethylarginine, 
has been reported to inhibit endothelial-dependent re- 
laxation and nitric oxide release from endothelial cells 
in a dose-dependent manner, which is reversed competi- 
tively by L but not D-arginine.9??! Bovine aortic endo- 
thelial cells grown in an L-arginine deficient medium 
fail to generate nitric oxide. Depletion of L-arginine 
by prolonged incubation causes a loss of endothelium- 
dependent relaxation to acetylcholine of rat aorta or bo- 
vine pulmonary arteries which is restored by addition of 
L-arginine.^!^ Although the addition of L-arginine 
does not potentiate endothelium-dependent relaxation of 
freshly prepared rings, it restores it in L-arginine-de- 
pleted tissues.^:10-1^ These observations suggest that, in 
basal conditions, concentration of L-arginine in endo- 
thelial cells is sufficient and is not a rate-limiting factor 
for nitric oxide synthesis. However, in several experi- 
mental models associated with impaired endothelium- 
dependent relaxation, exogenously administered L-argi- 
nine has been shown to improve endothelium-dependent 
relaxation and to reduce the vasoconstrictor response to 
various stimuli. In aorta, hind limb or cerebral vessels 
from cholesterol-fed rabbits, L-arginine restores the va- 
sodilator response to acetylcholine while it does not af- 
fect basal tone and does not potentiate endothelium-de- 
pendent vasodilation in control rabbits.2?-?* Because no 
effects are observed with D-arginine, these results are 
consistent with a specific effect of L-arginine leading to 
increased synthesis and release of nitric oxide. 

In our study, infusion of L-arginine during basal 
conditions was associated with a slight but significant 
increase of coronary blood flow index and unchanged 
coronary epicardial diameter. Acetylcholine adminis- 
tered in these conditions still constricted epicardial coro- 
nary arteries but to a lesser extent than during basal 
conditions. Although acetylcholine still elicited a bi- 
phasic response with an increased flow at low dosage 
and decreased flow at higher dosage, coronary blood 
flow index was always higher during L-arginine infusion 
than in absence of L-arginine. Infusion of L-arginine in 
these patients therefore clearly reduced the vasocon- 
strictor action of acetylcholine. This was particularly 
striking in the 7 patients who developed marked con- 
striction and associated chest pain during basal condi- 
tions and who tolerated much better the second chal- 
lenge of acetylcholine performed simultaneously with 
the infusion of L-arginine. The higher coronary blood 
flow index measured at the highest dose of acetylcholine 
presumably resulted from attenuation of acetylcholine- 
induced constriction of epicardial arteries by L-arginine. 
However, it is likely that in the present study, L-argi- 
nine also interfered with reactivity of resistance vessels. 
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Since the evaluation of coronary resistance changes i 
the presence of intense epicardial artery constriction i 
of major concern, the evidence of the action of L-argi 
nine on microcirculation is suggested in the presen 
study by a decrease in coronary resistance either durin 
basal conditions or at low dosage of acetylcholine. 

The improvement of coronary vascular reactivity t 
acetylcholine, which resulted from administration of L 
arginine in our patients, may therefore be interpreted a 
due to an increase of endothelium-derived relaxing fac 
tor activity. However, the effects of L-arginine on ep 
cardial artery constriction were most prominent at th 
highest dose of acetylcholine and the reversal of endc 
thelial dysfunction may not simply reflect a restoratio 
of the substrate for endothelium-derived nitric oxid 
Results of this study may also be explained by an ur 
specific effect of L-arginine on the constrictor potenti: 
of the vascular smooth muscles rather than by an im 
provement in endothelial function. This would also ex 
plain the increase, although small, in basal coronar 
blood flow after L-arginine, which has not been ot 
served in experimental studies but which is rather cor 
sistent with an endothelium-independent relaxation ir 
duced by L-arginine in rat aortas.!^ 

Our results are in accord with those of Drexler « 
alj?6 who recently demonstrated that intracoronary L 
arginine infusion may restore impaired endothelium-de 
pendent dilation of the coronary microcirculation in hy 
percholesterolemic patients, whereas in their contro 
group, no effect of L-arginine on the coronary circule 
tion was observed. However, our results are differer 
because L-arginine infusion alleviated acetylcholine-ir 
duced vasoconstriction of large coronary arteries. Higt 
er concentrations of acetylcholine were used in ou 
study and L-arginine was infused directly through th 
Doppler lumen catheter and not through the guidin 
catheter, which might have resulted in a higher intrz 
coronary L-arginine level. Additionally, in the preser 
study, all patients had diffuse disease of the LAD arter 
and not only slight luminal irregularities. This latte 
point may be of importance since most studies hav 
demonstrated the relation between low-density lipoprc 
tein and high-density lipoprotein levels and endotheliz 
dysfunction.?^2? In particular, oxidized low-density lipc 
protein but not native low-density lipoprotein can caus 
slowly developing, apparently irreversible inhibition c 
endothelium-dependent relaxation very similar to th 
one shown in atherosclerosis. A decrease in the avail 
ability of L-arginine has been proposed to explain th 
inhibitory influence of lipoproteins and atherosclerosis." 
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Prognosis with Abnormal Thallium Images in the 
Absence of Significant Coronary Artery Disease 
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In the presence of coronary artery disease (CAD), 


thallium imaging has been reported to add prog- 
nostic information that is independent of coronary 
anatomy. To investigate the prognostic impor- 
tance of thallium imaging in the absence of signifi- 
cant CAD, 87 patients (65 men, 22 women) with 
abnormal thallium images without significant CAD 
were followed for a median duration of 22 months 
(range 11 to 50). Tomographic thallium images 
obtained immediately and 4 hours after exercise 
were interpreted by 2 experienced observers who 
graded thallium uptake in 24 segments in 3 views 
(short axis, horizontal long axis, vertical long axis) 
on a 5-point scale (normal; mildly, moderately, or 
severely reduced; absent). All patients had an ab- 
normal thallium study, defined as a reversible de- 
fect of at least mild severity or a fixed defect of at 
least moderate severity seen in >2 views, or a 
combination of these, and a coronary angiogram 
with stenosis not >70% in diameter narrowing. 
Eighty-two patients had at least 1 reversible seg- 
ment, and 26 patients had defects in >2 coronary 
artery distributions. During follow-up there were 
no deaths or myocardial infarctions. Coronary an- 
gioplasty and bypass surgery were performed in 2 
patients. Three-year survival without myocardial 
infarction or revascularization was 9796. Patients 
with abnormal thallium images in the absence of 
significant CAD have an excellent short-term 
prognosis. 

(Am J Cardiol 1992;70:1276-1280) 
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thallium imaging adds independent prognostic info 

mation to clinical and exercise variables and to cor 
nary anatomy. As shown by Kaul et al,!? patients wi: 
presumed CAD who have normal thallium images ha 
a lower mortality rate than patients with abnormal tha 
lium studies. Patients with suspected or known CA 
and normal thallium images have a low event rate.? TI 
prognostic implications of an abnormal thallium stuc 
in the absence of significant CAD are unknown. P: 
tients with insignificant CAD can have perfusion d 
fects on thallium imaging.^" Although the long-ter 
survival of patients with insignificant CAD is general 
excellent,? the prognosis for the subset with abnorm: 
thallium studies has not been evaluated. This study w: 
designed to determine if patients who have abnorm: 
exercise tomographic thallium-201 images, but no si 
nificant CAD, are at risk for future cardiac events. 


[: the presence of coronary artery disease (CAD 


METHODS 

Study patients: Patients were eligible for this stud 
if they underwent exercise tomographic thallium-2C 
scintigraphy and coronary angiography within 3 montl 
in the period December 1986 to July 1989. All patien 
fulfilled 2 criteria: (1) an abnormal thallium study (d: 
fined later); and (2) no significant CAD as defined t 
the Coronary Artery Surgery Study (250% diamett 
stenosis of the left main coronary artery or 27096 dian 
eter stenosis of the left anterior descending, left circun 
flex or right coronary arteries or their major branches 
considered significant)? Exclusion criteria included: (1 
prior coronary artery bypass grafting or percutaneot 
transluminal coronary angioplasty, (2) clinically signif 
cant valvular heart disease, (3) left bundle branch bloc 
or paced rhythm, and (4) left ventricular ejection fra« 
tion «409v. Patients with thallium images that we: 
judged technically suboptimal (e.g., significant patier 
motion during image acquisition) were also excluded. 

The study group consisted of 87 consecutive patien! 
(65 men, 22 women) who met these criteria fro: 
among 1,438 patients who underwent thallium exercis 
testing and coronary angiography during this perio 
The median age was 57 years (range 26 to 88). Indic: 
tions for performing the exercise thallium test are liste 
in Table I. Patients were assessed for risk factors incluc 
ing systemic hypertension (by history or blood pressur 
2140/90 mm Hg) (n = 35), hyperlipidemia (by histor 
or recent total serum cholesterol 7250 mg/dl) (n = 28 
diabetes mellitus (by history or fasting blood glucos 
27140 mg/dl) (n = 9), smoking history (n = 47), and 
family history of CAD in a first-degree relative «5 
years of age (n= 18). Body mass index (weight i 
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kg/height in m?) was =27.0 in 49 patients. At the time 
of testing, 19 patients were taking a 6-adrenergic block- 
ing agent, 23 a calcium antagonist, and 13 a long-acting 
nitrate preparation. Fifty-two patients were not taking 
antianginal medications. 

Exercise protocol: The Naughton or Bruce protocol 
was used for treadmill exercise testing. Three electro- 
cardiographic leads were monitored continuously, and a 
12-lead electrocardiogram was recorded every minute. 
Blood pressure was measured indirectly by cuff sphyg- 
momanometry during the final minute of each exercise 
stage. Exercise was continued until standard end points 
were reached.!° The exercise electrocardiogram was 
considered positive if 21 mm horizontal or downsloping 
ST-segment depression 80 ms after the J point devel- 
oped during or after exercise. 

Tomographic thallium imaging: This technique has 
been previously described.!? In brief, 4.0 mCi of thal- 
lium-201 was injected intravenously during the last 
minute of exercise. Thallium imaging was accomplished 
using a rotating gamma camera. A single planar anteri- 
or image was acquired for 5 minutes beginning 10 to 
15 minutes after exercise to assess cardiac size and pul- 
monary activity. Tomographic imaging was then per- 
formed using the "step-and-shoot" method, acquiring 
30 images for 40 seconds each at 6-degree intervals over 
a 180-degree arc. Imaging was repeated 4 hours later. 
No reinjection was performed. Images were processed 
as previously described!? and reconstructed in 3 oblique 
planes, which were subdivided into 24 segments (Fig- 
ure 1). 

Visual analysis of tomographic images: Patient mo- 
tion was evaluated by rotating cine image display. Car- 
diac enlargement and pulmonary uptake were assessed 
subjectively as present or absent on the single planar 
image. Pulmonary uptake was quantified in borderline 
cases by the ratio of maximal pulmonary counts/maxi- 
mal myocardial counts (counts 70.50 were considered 
elevated). The postexercise and delayed images were 
displayed side by side. Thallium uptake was graded for 
each segment on a scale of 0 to 4 by consensus of 2 
experienced observers (4 = normal; 3, 2, 1 = mildly, 
moderately, and markedly reduced uptake, respectively; 
and, 0 = absent uptake). Images were not reread for the 
purpose of this study. 

Definition of abnormal thallium image: A defect was 
considered reversible if there was any degree of reduced 
(<3) uptake on the postexercise images with improve- 
ment of at least 1 grade on the delayed images. A defect 
was considered fixed if uptake was at least moderately 
reduced (<2) on the postexercise study and unchanged 
on the delayed study. Defects that demonstrated only 
mildly reduced uptake on both postexercise and delayed 
images were not considered abnormal. A defect was re- 
quired in the short-axis plane. Defects seen on the short- 
axis slices that were not confirmed as present in the ap- 
propriate region on either the vertical long-axis (anteri- 
or and inferior walls) or the horizontal long-axis (septal 
and lateral walls) slices were not considered abnormal. 

Coronary artery distributions: Coronary artery dis- 
tributions were assigned to the segments on the short- 
axis slices: left anterior descending artery, anterior and 


Diagnosis of chest pain 

Assessment of presumed/known coronary artery disease 
Positive exercise stress test 

Rehabilitation study after myocardial infarction 

Other 





anteroseptal segments; right coronary artery, inferior 

and inferoseptal segments; and circumflex artery, later- 

al segments. Because the vascular supply of the apex is 

variable, isolated apical defects were not assigned to a. 
coronary distribution. 

Cardiac catheterization: Cardiac catheterization 
was performed after the exercise study in 72 patients. 
Left ventricular end-diastolic pressure was measured in 
77 patients by a fluid-filled catheter inserted into the 
left ventricle across the aortic valve before contrast in- 
jection. Selective coronary angiography was performed 
in multiple projections. The degree of diameter narrow- 
ing was subjectively evaluated in each of 27 major coro- 
nary segments’ by consensus of 2 experienced observers. 
Twenty-one patients were administered intracoronary 
ergonovine as previously described.!! Ventriculography 
was performed in 74 patients. Left ventricular ejection 
fraction was calculated using standard techniques. In 
the 13 patients who did not have ventriculography per- 
formed, ejection fraction was measured by echocardiog- 
raphy. 

Follow-up procedures: All patients or their physi- 
cians were contacted by mailed questionaire or tele- 
phone. The questionaire specifically addressed the oc- 
currence of sudden and nonsudden cardiac death, non- 
cardiac death, myocardial infarction, coronary artery 
bypass surgery, and percutaneous transluminal coro- 
nary angioplasty. Records of subsequent hospitaliza- 
tions were obtained to confirm events. Event-free surviv- 
al was estimated using the Kaplan-Meier method. !? 





FIGURE 1. The thallium images were divided into 24 seg- 
ments (see text for discussion): anterior — 1, 5, 10, 20 and 
21; septum - 2, 6, 7, 11, 12, 15 and 16, with further subdivi- 


sion into anterior = 6 and 11; and inferior septum = 7 
and 12; inferior = 3, 8, 13, 23 and 24; lateral = 4, 9, 14, 18 

and 19; and apical = 1, 2, 3, 4, 17 and 22. Horiz = horizontal; 
Vert — vertical. 
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Exercise hemodynamics 
Maximal HR (beats/min) 
Systolic BP (mm Hg) 
Exercise HR x BP (beats/min x mm Hg) 


139 + 28 
174 + 26 
24,508 + 6,988 


No. of Pts. 


Exercise thallium findings n=87(%) 
Chest pain 12 (14) 
Positive exercise ECG 19 (22) 
> 1 reversible thallium defect 82 (94) 
> 1 fixed thallium defect only 5 (6) 
Both fixed and reversible defects 5 (6) 
Increased pulmonary thallium uptake 14 (16) 
Cardiac enlargement 13 (15) 
Coronary distributions 

Left anterior descending 38 (44) 
Circumflex 9 (10) 
Right 56 (64) 
Apex (only) 12 (14) 


BP = blood pressure; ECG = electrocardiogram; HR = heart rate. 


RESULTS 

Thallium exercise test results (Table Il): Eighty-two 
patients had at least 1 reversible thallium defect; 5 of 
these patients also had fixed defects. Five patients had 
fixed defects only. Defects were seen in 1 coronary ar- 
tery distribution in 60 patients, in 2 coronary artery dis- 
tributions in 25 patients, and in 3 coronary artery distri- 
butions in 2 patients. Thirty-eight patients (44%) had 
defects in the distribution of the left anterior descending 
artery, 56 (64%) in the distribution of the right coro- 
nary artery, 9 (10%) in the distribution of the circum- 
flex artery, and 12 (14%) in the apical segments only. 
Twenty-five of the patients with right coronary artery 
defects also had defects in other coronary distributions. 
Seventeen of the 22 women in the study had defects in 
the apex or anterior wall, or both. Fourteen patients 
were noted to have increased pulmonary uptake. Twelve 
patients developed angina during exercise and 19 had 
ischemic exercise electrocardiograms. 

Coronary arteriography: Twenty-four patients had 
a completely normal coronary angiogram; 16 of these 
patients had ergonovine administered with no evidence 
of coronary spasm. Among the remaining 63 patients, 
the maximal stenosis in any coronary segment was 
<25% in 12 patients, 225% but <50% in 25 patients, 
and 250% but <70% in 26 patients. The relation 
between coronary arteriographic findings and clinical 





symptoms, treadmill tests and thallium-201 findings 
detailed in Table III. Myocardial bridges were noted i 
the mid-left anterior descending artery in 5 patient 
Anomalous coronary anatomy was observed in 2 p: 
tients: one with the origin of all coronary arteries froi 
the right coronary cusp and the other with the circun 
flex artery arising from the right coronary artery. . 
very unusual anatomic variant was noted in another p: 
tient with the posterolateral branches all arising fro: 
the circumflex artery. Other coronary abnormaliti 
were present in a further 3 patients, including 1 wit 
coronary artery aneurysms, 1 with unusually small co 
onary arteries, and 1 with a coronary arteriovenous fi 
tula. Fifty-six patients had an elevated left ventricul: 
end-diastolic pressure (213 mm Hg), 35 of whom h: 
at least moderate elevation (220 mm Hg). 

Follow-up data: Follow-up was 99% complete, wit 
a median length of 22 months (range 11 to 50). A 
patients were alive and free of myocardial infarctio 
yielding a Kaplan-Meier myocardial infarct-free survi 
al estimate at 3 years of 100% with a lower confiden 
limit of 85%. One patient with a 60% mid-left anteri 
descending stenosis underwent angioplasty for persiste: 
chest pain 1 month after the exercise study. A secor 
patient had coronary artery bypass grafting perform 
16 months after thallium study. His initial coronary a: 
giogram demonstrated a 40% left main stenosis, 20 
and 40% stenoses in the right coronary artery, and 20 
and 30% stenoses in the circumflex artery. He presente 
16 months later with unstable angina. Repeat corona 
angiography demonstrated progression of disease. T} 
Kaplan-Meier revascularization-free survival estima 
at 3 years was 97% with a lower confidence limit | 
8190. 


DISCUSSION 

This study demonstrates that patients with an abno 
mal exercise thallium-201 stress test in the absence : 
significant CAD have an excellent short-term prognosi 
At a mean follow-up of 22 months, all patients we 
alive and free of myocardial infarction. Only 2 patien 
underwent revascularization procedures. Patients wi 
normal or near-normal coronary arteries generally ha: 
an excellent prognosis.’ Our study reinforces these fin 
ings and shows that prognosis remains excellent despi 
abnormal exercise thallium images. 

Prognostic implications: The favorable prognosis | 
this group of patients without significant CAD is in co 
trast to the patients with abnormal thallium studies wl 
have significant CAD. Previous studies!-? have report: 


TABLE Iii Coronary Anatomy, Symptoms and Exercise Variables in 87 Patients 


Exercise No. of Patients with 
Limiting Symptoms Electrocardiogram Perfusion Defects 
Anatomy No. of Pts. Fatigue/Dyspnea Chest Pain Positive Negative Reversible Fixed Only 
Normal 24 15 3 4 20 22 2 
<25% stenosis 12 8 2 4 8 12 0 
> 25% but « 50% stenosis 25 20 5 4 21 23 2 
> 50% but < 70% 26 19 2 7 19 25 1 
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increased coronary event rates in patients with known or 
suspected CAD in the presence of reversible or fixed 
thallium perfusion defects, or both, or increased lung 
uptake. None of the 14 patients with increased lung up- 
take in this study had a cardiac event. This finding sug- 
gests that increased lung uptake may not be an indica- 
tor of poor prognosis in the absence of significant CAD, 
although the number of patients with increased thallium 
lung uptake in this study was admittedly small. 

Definition of abnormal thallium study: We defined 
an abnormal study as any reversible defect or a fixed 
defect of at least moderate severity seen in 22 views. 
Thus, patients had to have significantly abnormal im- 
ages. Mild fixed defects were excluded from analysis to 
eliminate the majority of false-positive studies that re- 
sult from diaphragmatic and breast attenuation. Tech- 
nically inadequate studies (such as significant patient 
motion during image acquisition) were eliminated.'? 
Tomographic imaging was not begun until 15 to 20 
minutes after the termination of exercise to avoid false- 
positive inferior wall defects secondary to “upward 
creep."!^ Other entities known to cause perfusion de- 
fects in the absence of CAD, including left bundle 
branch block, paced rhythm and valvular heart dis- 
ease!6 were excluded. Dunn et al!” showed that removal 
of "inconsistent" thallium defects and exclusion of pa- 
tients with abnormal left ventriculograms can eliminate 
many false-positive studies. 

Etiology of abnormal thallium studies: Three likely 
reasons for the perfusion defects in these patients are: 
(1) factors related to technical processing, (2) attenua- 
tion artifacts, and (3) ischemia in the presence of insig- 
nificant coronary disease. Although every effort was 
taken to eliminate technically inadequate studies, pro- 
cessing of tomographic images is a complex process and 
remains a potential source for error. Fifty-six percent of 
the patients were considerably overweight (body mass 
index 227.0), and 77% of women had defects in the 
apex or anterior wall, or both. Both of these factors sug- 
gest that some of the inferior and anterior wall defects 
were attenuation artifacts. However, attenuation arti- 
facts are usually fixed, whereas 94% of the patients in 
this study had at least 1 reversible defect. Seventy-three 
patients had mild CAD. The fact that 19 patients had 
positive exercise electrocardiograms and 12 had typical 
angina supports the concept that some of these patients 
did have exercise-induced ischemia. 

There are other possible etiologies to explain the per- 
fusion defects. As reported by Berger et al,° patients 
with normal coronary arteries and abnormal thallium 
studies frequently have other coronary abnormalities. In 
this study 5 patients had a myocardial bridge, 2 anoma- 
lous coronary anatomy, | an unusual anatomic variant, 
and 3 other coronary abnormalities. Myocardial bridges 
have been associated with thallium scintigraphic de- 
fects.!8 The prevalence of bridges in this study was 
5.7%, similar to other studies.'? All bridges were ob- 
served in the mid-left anterior descending artery, as is 
most often found.!? Perfusion defects were located in 
the anterior wall, anterior septum or apex in all 5 pa- 
tients with a myocardial bridge. Coronary anomalies 


have also been associated with thallium perfusion de- 
fects.?0 

Visual estimates of angiographic percent stenosis 
correlate poorly with the directly measured coronary 
flow reserve.*! Coronary artery spasm,? hypertension 
with and without left ventricular hypertrophy,???^ and 
small vessel disease?? have been associated with abnor- 
mal coronary flow reserve. Only 2 of 21 patients who 
received ergonovine during angiography had a positive 
test, making spasm an unlikely cause for the defects in 
most patients. However, 35 patients did have hyperten- 
sion, and 73% of the patients who had left ventricular 
end-diastolic pressure measured did have an elevated 
value. Berger et alf noted 3 of 11 patients with abnor- 
mal thallium studies and normal coronary arteries to 
have increased end-diastolic pressure. Cannon et al? 
also reported an increased end-diastolic pressure at rest 
and with exercise in patients with normal coronary 
arteries and abnormal coronary vasodilator reserve. Le- 
grand et al’ showed that patients with angiographically 
normal coronary arteries and abnormal radionuclide 
test results have abnormal coronary flow reserve in arte- 
rial distributions corresponding to scintigraphic abnor- 
malities. Small vessel disease causing abnormal coro- 
nary flow reserve, either in the presence or absence of 
hypertension, likely caused some of the perfusion de- 
fects. 

Thus, most patients in this study had either an ana- 
tomic or physiologic abnormality previously reported to 
be associated with thallium perfusion defects. It is likely 
that several of these patients had true exercise-induced 
myocardial hypoperfusion and not just simple “false- 
positives" in the absence of significant anatomic steno- 
ses. 

Study limitations: The thallium images in this study 
were graded by qualitative interpretation alone. How- 
ever, the sensitivity of visual interpretation is equal to 
quantitative interpretation for the presence or absence 
of CAD.” The images in this study were interpreted by 
2 experienced observers, and it is unlikely that the addi- 
tion of quantitative interpretation would significantly al- 
ter these results. Second, the angiograms were also 
graded subjectively and not quantitatively. This was the 
method used in many previous studies that reported a 
favorable prognosis in patients with insignificant CAD. 
Finally, the follow-up was short (22 months). This pa- 
tient population will need longer follow-up to determine 
if their prognosis remains favorable. Nonetheless, these 
data can be used by clinicians to reassure patients that 
their short-term prognosis is excellent. 


Acknowledgment: We thank Tammy Hudson for 
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PREVENTIVE CARDIOLOGY 


Efficacy and Tolerability of Simvastatin and 
Pravastatin in Patients with Primary 
Hypercholesterolemia 
(Multicountry Comparative Study) 


The European Study Group* 


A total of 291 patients with primary hypercholes- 


terolemia [total plasma cholesterol >6.20 mmol/ 
liter (2240 mg/dl)] were enrolled in an open, ran- 
domized, parallel, comparative study of simvasta- 
tin and pravastatin. All patients started or contin- 
ued a standard lipid-lowering diet for >6 weeks 
before entry into the 4-week placebo baseline pe- 
riod. There were 145 patients who received sim- 
vastatin and 146 patients who received pravasta- 
tin, both at the commonly recommended starting 
dose of 10 mg once daily, for a treatment period 
of 6 weeks. Concentrations of total cholesterol in 
plasma were reduced by 23% with simvastatin, 
and by 16% with pravastatin. Concentrations of 
low-density lipoprotein cholesterol in plasma were 
reduced by 32 and 22%, and high-density lipopro- 
tein cholesterol concentrations were increased by 
7 and 5% with simvastatin and pravastatin, re- 
spectively. Plasma triglyceride concentrations 
were reduced by 13% with simvastatin and by 6% 
with pravastatin. Adverse experiences were simi- 
lar between treatment groups and both drugs 
were well tolerated. In each treatment group, 3 
patients were withdrawn from the study for clini- 
cal adverse experiences; 1 patient in the pravasta- 
tin group required a reduction in dose to 5 mg/day 
because of insomnia. At the commonly recom- 
mended starting dose for each, simvastatin had a 
significantly greater lipid-lowering effect than pra- 
vastatin. Both drugs were well tolerated. 

(Am J Cardiol 1992;70:1281-1286) 
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factor for coronary artery disease.!? A beneficial 
impact of lipid-lowering therapy on the incidence 
of coronary artery disease has been demonstrated in 
clinical trials. The development of 3-hydroxy-3-meth- 
ylglutaryl coenzyme A reductase inhibitors, which re- 
duce plasma cholesterol by inhibiting de novo cholester- 
ol synthesis and increasing the receptor-mediated catab- 
olism of low-density lipoprotein (LDL), represents a 
significant advance in the treatment of hypercholester- 
olemia in patients who do not respond adequately to 
diet therapy alone.?-? Simvastatin, a specific inhibitor of 
3-hydroxy-3-methylglutaryl coenzyme A reductase, is 
an inactive lactone that is extensively metabolized in the 
liver to active and inactive compounds after oral admin- 
istration. Simvastatin has been shown to be efficacious 
in treating primary hypercholesterolemia, producing 
mean reductions in plasma total cholesterol and LDL 
cholesterol of 22 to 32% and 28 to 41%, respectively, 
with a single evening dose of 10 to 40 mg, as well as 
mean increases in high-density lipoprotein (HDL) cho- 
lesterol of 8 to 13%.6-8 Simvastatin also reduces plasma 
triglycerides. Pravastatin, another 3-hydroxy-3-methyl- 
glutaryl coenzyme A reductase inhibitor, is adminis- 
tered as the active 8-hydroxyacid form. When pravasta- 
tin is administered across the recommended dosage 
range of 10 to 40 mg/day, in single or divided doses, 
it reduces mean plasma total cholesterol and LDL cho- 
lesterol concentrations by 16 to 27% and 22 to 34%, 
respectively.5-!0 Pravastatin also moderately increases 
plasma HDL cholesterol concentrations and reduces 
plasma triglyceride concentrations. The safety profiles 
for simvastatin and pravastatin appear to be broadly 
similar.!! Both compounds are generally well tolerated, 
with only about 2% of patients discontinuing therapy in 
clinical trials because of drug-attributable adverse ef- 
fects.!2:!3 The results of independent clinical studies sug- 
gest that simvastatin is more effective than pravastatin. 
This study was designed to compare in a single trial the 
efficacy, tolerability and safety profiles of simvastatin 
and pravastatin in patients with primary hypercholester- 
olemia at their commonly recommended starting doses 
of 10 mg once daily. 


P rimary hypercholesterolemia is an established risk 





METHODS 

Patients: A total of 291 patients were enrolled in 22 
centers in Belgium, France, Ireland, Italy and the Neth- 
erlands. Men (n = 145) and women (n = 146) between 
the ages of 18 and 79 years who had a diagnosis of 
primary hypercholesterolemia with a total plasma cho- 
lesterol concentration of 26.20 mmol/liter (2240 mg/ 
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dl) while not taking any lipid-lowering drugs and ob- 
serving a lipid-lowering diet were eligible for participa- 
tion. 

Patients with plasma triglyceride levels >4.00 
mmol/liter (2354 mg/dl) or a total cholesterol: HDL 
cholesterol ratio of <4.0 were excluded. Patients with 
concomitant conditions such as myocardial infarction or 
coronary bypass surgery within the previous 2 months, 
or with other serious cardiovascular disease, established 
diabetes mellitus, hepatic or biliary disease, or partial 
ileal bypass were also excluded. Other reasons for exclu- 
sion included poor mental function, history of drug or 
alcohol abuse, or concurrent use of cimetidine, regular 
use of antacids, immunosuppressants such as cyclo- 
sporin or any investigational drugs. Premenopausal 
women were not recruited to the study unless they had a 
history of 3 to 5 years of successful, medically approved 
contraceptive practice that was continued throughout 
the study. All patients gave informed consent in accor- 
dance with the Declaration of Helsinki. 

Study design: The study was based on an open, ran- 
domized, parallel design with a preliminary screening 
phase, a 4-week placebo baseline period, and 6 weeks of 
active treatment. At least 6 weeks before entering the 
placebo-baseline period, patients were screened by phys- 
ical examination and laboratory tests. Eligible patients 
received diet counseling and were started on (or contin- 
ued) a lipid-lowering diet consisting of (as percentage of 
total calories) 55% carbohydrate, 15% protein, and 30% 
fat, with polyunsaturated: monounsaturated: saturated 
ratio of 1:1:1, and a daily intake of <300 mg of choles- 
terol or a more rigorous diet if required for the patient. 
All hypolipidemic drugs were withdrawn at this time. 
Drugs with documented lipid-raising effects such as 
diuretics, 6-blockers, corticosteroids, and sex steroids (in 
postmenopausal women) were continued, provided no 
change in dosage was anticipated. Patients having a 
plasma total cholesterol concentration of 26.20 mmol/ 
liter (2240 mg/dl) at the conclusion of the initial 
screening were entered into the placebo baseline period. 
During this phase, all patients were instructed to take 1 
simvastatin 10 mg placebo tablet in the evening. Ran- 
domization to either simvastatin or pravastatin active 
treatment occurred at the end of this 4-week period if 
the patient’s plasma total cholesterol concentration re- 
mained 26.20 mmol/liter (2240 mg/dl). 

To ensure a broad range of total cholesterol concen- 
trations within the entry criteria, strata of 6.20 mmol/ 
liter (240 mg/dl) to 7.80 mmol/liter (302 mg/dl) and 
>7.80 mmol/liter (>302 mg/dl) were arbitrarily de- 
fined for enrollment purposes only, where 50% of pa- 
tients were included in each stratum. Eligible patients 
then received either simvastatin or pravastatin 10 mg 
once daily in the evening for a total of 6 weeks of treat- 
ment. 

In addition to the screening visit, 3 clinic visits were 
required during the study: 1 at the beginning of the pla- 
cebo baseline period (week 4), and 1 at both the end of 
the placebo baseline period (week —1) and at the end of 
the active treatment period (week 6). 
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Efficacy and safety measurements: Plasma to! 
cholesterol and triglyceride concentrations as well 
HDL cholesterol concentrations were measured at ea 
clinic visit; apolipoprotein A-I and apolipoprotein 
concentrations were measured before and after acti 
treatment. Plasma total cholesterol and triglyceride cc 
centrations were determined enzymatically. HDL ct 
lesterol was measured after precipitation of LDL ct 
lesterol and very low density lipoprotein cholesterol 
whole plasma by heparin-manganese chloride, sodiu 
phosphotungstate-manganese chloride, or dextran s! 
fate. LDL cholesterol concentrations were calculat 
using the Friedewald equation. Apolipoprotein A 
and apolipoprotein B were quantified by immunonept 
lometry, immunoturbidometry or electroimmunoassa 

Routine hematology and blood chemistry tests (to 
bilirubin, alkaline phosphatase, aspartate aminotrai 
ferase, alanine aminotransferase, creatine phospho 
nase, serum creatinine and glucose, L-thyroxine, a 
thyroid-stimulating hormone) were performed duri 
the initial screening phase and at each clinic visit. 
addition, a complete physical examination includi 
electrocardiography was conducted before and after t 
study. At each visit, patients were questioned about t 
incidence of clinical adverse events. Adverse experien 
were rated as definitely, probably, possibly, probat 
not, or definitely not drug related. 

Statistical methodology: Percent changes from ba: 
line in lipids and lipoproteins were compared betwe 
treatment groups by an analysis of variance model z 
plied to the ranks: the model included treatment, inv 
tigator and stratification as effects. Within-group co: 
parisons were performed using the Wilcoxon signe 
rank test. Consistency of response among investigat, 
and strata was assessed by an analysis of variance mc 
el including treatment, investigator, stratum and the : 
teractions of investigator and stratum with treatme 
The presence of qualitative interactions was tested usi 
the method described by Gail and Simon.?? All inter: 
tions were tested at o — 0.10. Efficacy categorical va 
ables were analyzed by means of the McCullagh met 
od!6 for ordered categorical data with treatment a 
stratum as factors. Proportions of patients with cli 
cal and laboratory experiences were compared amo 
treatment groups by Fisher's exact test. Changes in cli 
ical and laboratory safety data were compared betwe 
treatments by analysis of variance on the ranks wi 
treatment and investigator as main effects. All statis 
cal tests were 2-sided tests performed at a = 0.05 (« 
cept the interaction tests). 


RESULTS 

Of the 291 patients who entered the study, 283 co 
pleted the study and were evaluated for efficacy; all [ 
tients were included in the safety analyses. The resu 
for 100 patients (those enrolled in Italy) were report 
previously." The combined results for all patients p: 
ticipating in the study are reported in this report. 

Baseline characteristics: The 2 treatment grov 
were similar with respect to recorded baseline patic 
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TABLE I Change from Baseline for Plasma Total Cholesterol, 
Plasma Low-Density Lipoprotein Cholesterol and Plasma 
Triglycerides* 


Pre- Post- 
Treatment Treatment 
Value Value 


% Change 


Mean SD 


Total cholesterol [mmol/liter (mg/dl)] 
Simvastatin 7.92(306) 6.04 (234) 
(n = 142) 
Pravastatin 
(n = 141) 


7.80 (302) 6.55 (253) 


LDL cholesterol (mmol/liter [mg/dl]) 
Simvastatin 5.76 (223) 3.89 (150) 
(n = 141) 
Pravastatin 
(n = 140) 


5.67 (219) 4.39 (170) 


Triglycerides (mmol/liter [mg/dl]) 
Simvastatin 1.67 (148) 
(n = 142) 
Pravastatin 
(n = 141) 
*Changes from baseline were significant for all parameters with both treatments: 
p <0.01, except for triglycerides with pravastatin, where p <0.05. 


tMedian. 
LDL = low-density lipoprotein. 


1.46 (129) 


1.69(150) 1.64 (145) 





characteristics and all baseline lipid values. Mean total 
cholesterol concentrations in plasma at baseline were 
7.95 mmol/liter (range 6.08 to 13.50 [307 mg/dl, range 
235 to 522]) in the simvastatin group and 7.81 mmol/ 
liter (range 6.20 to 12.30 [302 mg/dl, range 240 to 
476]) in the pravastatin group. 

Efficacy measurements: Changes (as percentage) in 
plasma cholesterol and triglyceride parameters from 
baseline after 6 weeks of active treatment are listed in 
Tables I and II, and shown in Figure 1. Mean reduc- 
tions in plasma total cholesterol and LDL cholesterol as 


FIGURE 1. Mean change (96) from base- 
line in plasma lipid concentrations (median 
for triglycerides [TG]). All changes were 
significant (p <0.01) except for triglycer- 
ides with pravastatin (p <0.05). Between- 
group differences for all parameters were 
statistically significant (p 0.01) except 
for triglycerides (p <0.05) and high densi- 
ty lipoprotein cholesterol (HDL C) 

(p = 0.06). LDL C = low-density lipopro- 
tein cholesterol; TC = total cholesterol. 
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TABLE Il Change from Baseline for Plasma High- and 
Low-Density Lipoprotein Cholesterol, and for Total Cholesterol 
to High-Density Lipoprotein Cholesterol Ratios* 


Pre- Post- 
Treatment Treatment 
Value Value 


% Change 
Lipid 
Parameter 


Mean SD 


p Value 


HDL cholesterol (mmol/liter [mg/dl]) 
Simvastatin 1.39 (53.7) 1.48 (57.2) 
(n = 141) 
Pravastatin 
(n = 141) 


1.36 (52.6) 1.41 (54.5) 


LDL cholesterol: HDL cholesterol 
Simvastatin 4.4 
(n = 141) 
Pravastatin 4.4 
(n = 140) 


Total cholesterol: HDL cholesterol 
Simvastatin 6.0 
(n = 141) 
Pravastatin 6.0 
(n = 141) 


*All changes from baseline were significant (p <0.01) for both treatments. 
HDL = high-density lipoprotein; LDL = low-density lipoprotein. 





well as median reductions in triglyceride plasma con- 
centrations were all significantly greater in the simvas- 
tatin group than in the pravastatin group (p <0.01 for 
total and LDL cholesterol and p <0.05 for triglycer- 
ides) (Table I). The mean increase in plasma HDL cho- 
lesterol concentrations was borderline significantly 
greater in the simvastatin group (p = 0.06) (Table II). 
Significantly greater effects on the LDL:HDL choles- 
terol and total cholesterol: HDL cholesterol ratios were 
also observed in the simvastatin treated group. There 
was no significant change in apolipoprotein A-I from 
baseline for either treatment group. However, in both 
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TABLE Ill. Change from Baseline by Stratum for Plasma Total 
Cholesterol and Plasma Low-Density Lipoprotein Cholesterol* 


Pre- Post- 
Treatment Treatment 


% Change 


Value Value Mean SD 


Total cholesterol (mmol/liter [mg/dl]) 
S-1 Simvastatin 7.01 (271) 
(n = 70) 
Pravastatin 
(n = 71) 

S-2 Simvastatin 
(n = 72) 
Pravastatin 
(n = 70) 


5.47 (212) 


6.90 (267) 6.08 (235) 


8.80 (340) 6.61 (256) 


8.70 (336) 7.02 (271) 


LDL cholesterol (mmol/liter ([mg/dl]) 
S-1 Simvastatin 4.89 (189) 
(n = 69) 
Pravastatin 
(n = 71) 
S-2 Simvastatin 
(n = 72) 
Pravastatin 
(n = 69) 
*All changes from baseline statistically significant (p <0.01) with both treatments. 
LDL = low-density lipoprotein; S-1 = stratum 1 (baseline total cholesterol 6.20 to 


7.80 mmol/liter (240 to 302 mg/di]); S-2 = stratum 2 (baseline total cholester- 
ol > 7.80 mmol/liter [> 302 mg/dl]). 


3.32 (128) 


4.86 (188) 3.97 (154) 


6.59(255) 4.41 (171) 


6.50(251) 4.82 (186) 


the simvastatin and the pravastatin groups there was a 
significant reduction in apolipoprotein B (21 and 14%, 
respectively) and in apolipoprotein B:apolipoprotein A-1 
(21 and 11%, respectively). The reduction in apolipo- 
protein B group was significantly greater (p <0.01) in 
the simvastatin than in the pravastatin group. 

After 6 weeks of treatment, 18% of the patients 
treated with simvastatin and 2% of the patients receiv- 
ing pravastatin had a total cholesterol plasma concen- 
tration <5.20 mmol/liter (<201 mg/dl); 59% of the 
simvastatin-treated patients and 42% of the pravastatin- 
treated patients had a total cholesterol plasma concen- 
tration £6.20 mmol/liter ($240 mg/dl). This differ- 
ence between treatment groups in the distribution of to- 
tal cholesterol categories at week 6 was statistically 
significant (p $0.01). The differences between treat- 
ment groups in the distribution of categories of total 
cholesterol reduction and of LDL cholesterol reduction 
were statistically significant (p 0.01) and in favor of 
simvastatin as well. After 6 weeks of treatment, 64% of 
the patients treated with simvastatin and 31% of the 
patients receiving pravastatin had reductions from base- 
line in total cholesterol of 220%; LDL cholesterol re- 
ductions of 220% were obtained for 83% of patients 
treated with simvastatin and 61% of patients treated 
with pravastatin. Furthermore, in the simvastatin group 
60% of patients achieved LDL cholesterol reductions of 
230%, whereas only 23% of patients in the pravastatin 
group achieved LDL cholesterol reductions of that mag- 
nitude. The difference between treatment groups for 
these parameters was statistically significant (p 0.01) 
in favor of simvastatin. 

A significant (or borderline significant) treatment- 
by-stratum interaction was observed for total cholesterol 
(p = 0.07) and LDL cholesterol (p 0.05) but was not 





TABLE IV Clinical Adverse Events Reported During the Study 
That Were Considered Possibly, Probably or Definitely Drug Re- 
lated* 


Number (%) of Patients 
Experiencing Adverse Events 


Simvastatin Pravastatin 
Adverse Event (n = 145) (n = 146) 
Body as a whole 2 (1) 1 (1) 
Abdominal distention 0 1 (1) 
Edema 1 (1) 0 
Facial edema 1 (1) 0 
Malaise 1 (1) 0 
Right upper quadrant 0 1 (1) 
pain 
Digestive 1 (1) 3 (2) 
Acid regurgitation 0 2 (1) 
Eructation 0 1 (1) 
Nausea 1 (1) 1 (1) 
Musculoskeletal 0 1 (1) 
Myalgia 0 1 (1) 
CNS 1 (1) 1 (1) 
Headache 1 (1) 0 
Insomnia 0 1 (1) 
Skin 1 (1) 2 (1) 
Ecchymosis 0 1 (1) 
Pallor 1 (1) 0 
Pruritus 0 1 (1) 
Sweating 1 (1) 0 
No. of patients with > 1 3 (2) 7 (5) 
drug-attributable adverse 
event 


*No significant differences between treatment groups. 
CNS = central nervous system. 


found for any of the other efficacy variables. Neither o 
the interactions was qualitative. The reductions fron 
baseline for total cholesterol and LDL cholesterol by 
stratum are listed in Table III. Between-treatment com 
parisons by stratum are not appropriate because stratifi 
cation was not introduced in the protocol to provid 
these analyses. 

Clinical and laboratory safety evaluation: In all, 3: 
patients had 1 or more clinical adverse experiences dur 
ing the active treatment phase: 18 in the simvastatir 
group and 17 in the pravastatin group. Few of the re 
ported clinical adverse experiences were considered t« 
be treatment-related. A categorical summary of thos« 
adverse experiences judged by the investigators to bx 
possibly, probably or definitely drug related is given ir 
Table IV. Whether all adverse events are considered oi 
only those attributable to drug (as in Table IV), in n 
category of events was there a difference between treat: 
ment groups with respect to number of patients with ar 
adverse experience. In each treatment group, 3 patient: 
withdrew from the study because of clinical adverse ex 
periences, 2 in each group for events believed to be at: 
tributable to the drug. In the pravastatin group, 1 pa 
tient required a reduction in dose due to insomnia. 

A total of 11 patients had laboratory adverse experi. 
ences, 9 in the simvastatin group and 2 in the pravasta: 
tin group. The difference between groups was statisti: 
cally significant at p <05. In the simvastatin group, 2 
patients had an elevation in alanine aminotransferase 


1284 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 70 NOVEMBER 15, 1992 


and 1 patient had a decrease in hemoglobin thought to 
be attributable to the drug. No laboratory adverse 
events were considered attributable to the drug in the 
pravastatin group. The difference between groups for 
drug-attributable adverse events was not significant. 

Statistically significant but small mean increases 
from baseline were observed at week 6 in both groups 
for alanine aminotransferase (1.0 U/liter for simvasta- 
tin and 1.8 U/liter for pravastatin, p= 0.07 and p 
<0.01, respectively) and for aspartate aminotransferase 
(0.2 U/liter for simvastatin and 3.3 U/liter for pravas- 
tatin, p $0.05 and p <0.01, respectively). The differ- 
ences between the 2 treatment groups with respect to 
these increases in these enzymes were not significant. 
There were no other significant changes from baseline 
for either treatment group in any other laboratory pa- 
rameter measured. In both groups of patients slight re- 
ductions in mean systolic and diastolic blood pressure 
(<2 mm Hg), pulse (0.3 beats/min) and weight 
(30.3 kg) occurred during the study. Except for the re- 
duction in diastolic blood pressure (p = 0.05, simvasta- 
tin and p <0.01, pravastatin) and weight (p 0.05, pra- 
vastatin), these reductions were not significant, nor were 
the treatment comparisons for these reductions. 


DISCUSSION 

The efficacy, tolerability and safety profiles seen in 
this multicountry, comparative study are consistent with 
those seen in independent studies with simvastatin and 
pravastatin.?-!? The combined study results are not dif- 
ferent from the results for the subset of patients in Italy 
reported earlier." At equal doses, simvastatin had a 
greater effect on plasma lipid profiles than pravastatin. 
This study showed that at their commonly recommend- 
ed starting doses, a greater proportion of simvastatin- 
treated patients reached a plasma total cholesterol con- 
centration of <5.20 mmol/liter (S201 mg/dl) after 6 
weeks of treatment than did pravastatin-treated pa- 
tients. 

The effect of simvastatin on total cholesterol and 
LDL cholesterol plasma concentrations appears to have 
been independent of baseline values for these parame- 
ters based on the results obtained by stratum. Published 
data for pravastatin indicate that the effect of pravasta- 
tin on total cholesterol and LDL cholesterol is also inde- 
pendent of baseline. In this study, however, there is a 
suggestion that the effect of pravastatin on plasma total 
cholesterol and LDL cholesterol may not have been in- 
dependent of baseline values, with a trend toward a less- 
er effect in patients with entry total cholesterol 7.80 
mmol/liter (302 mg/dl). The study design precludes 
a more definitive analysis of this observation and, there- 
fore, precludes speculation as to its clinical relevance. 

Both simvastatin and pravastatin were well tolerated 
in this study. There was no indication of a clinical ad- 
vantage for 1 drug over the other with respect to safety 
profiles, as has been previously speculated for pravasta- 
tin on the basis of its physicochemical properties and 
some controversial, non human, in vitro/in vivo tissue 
distribution data.!! The incidence of adverse experiences 
was low for both drugs and the nature of these experi- 


ences was similar for the 2 drugs. In neither treatment 
group were there clinically relevant changes in the wide 
range of laboratory parameters measured. 


APPENDIX 

Participants: BELGIUM: Pierre Lefebvre, MD, and 
Andre Scheen, MD, Centre Hospitalier Universitaire de 
Liege, Liege; Pierre Materne, MD, Hôpital de la Cita- 
belle, Liege; Roger Popeye, MD, Sint Augustinus Klin- 
iek, Veurne; and Albert Quoidbach, MD, Hôpital Civil 
de Jumet, Jumet. 

FRANCE: Jean Pierre Bercovici, MD, Hôpital Mor- 
van, Brest; Denis Chadenas, MD, Hópital de la Source, 
Orleans; Bernard Devulder, MD, Clinique Medicale A, 
Hópital C, Hurlez, Lille; Philippe Douste-Blazy, MD, 
and Jean Pierre Louvet, MD, Hôpital Purpan, Tou- 
louse; Michel Farnier, MD, Point Medical, Dijon; An- 
toine Gancel, MD, Hópital de Bois-Guillaume, Rouen; 
Michel Hautecouverture, MD, Hôpital Saint-Joseph, 
Paris; Michel Pinget, MD, Hópital Central, Strasbourg; 
Patrick Roger, MD, Hópital du Haut-Leveque, Pessac; 
and Philippe Vague, MD, Hópital de la Timone, Mar- 
seille. 

IRELAND: John Feely, MD, Department of Pharma- 
cology and Therapeutics, University of Dublin, Dublin; 
William Fennell, MD, The Adelaide Hospital (Inc.), 
Dublin; and Gerald Tomkin, MD, Department of Ther- 
apeutics, St. James Hospital, Dublin. 

ITALY: Pier Luigi Malini, MD, and Enrico Strocchi, 
MD, Cattedra di Terapia Medica Sistematica, Univer- 
sity of Bologna, Bologna; Oreste De Divitiis, MD, and 
Salvatore Di Somma, MD, Cattedra di Metodologia 
Clinica II, Faculty of Medicine, University of Naples, 
Naples; and Giovanni Rosiello, MD, and Bruno Tri- 
marco, MD, Cattedra di Medicina Interna, C.L.O., 
University of Naples, Naples. 

THE NETHERLANDS: Peter J. Lansberg, MD, and John 
J.P. Kastelein, MD, PhD, Academic Medical Center, 
University of Amsterdam, Amsterdam. 
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Effects of Guava intake on Serum Total and 
High-Density Lipoprotein Cholesterol Levels and 
on Systemic Blood Pressure 


Ram B. Singh, MD, Shanti S. Rastogi, MD, Reema Singh, DDPH, 
Saraswati Ghosh, PhD, and Mohammad A. Niaz, PhD 


There is evidence that inclusion of high fiber foods 


such as oats, fruits and vegetables in the diet can 
decrease fat intake and modulate blood lipids. To 
test this hypothesis, 61 group A and 59 group B 
patients with essential hypertension were adminis- 
tered guava fruit preferably before meals in a 
foods-to-eat approach rather than foods-to-re- 
strict, in a randomized and single-blind fashion for 
12 weeks. At entry into the study, mean age, male 
sex, mean body mass index, percentages of risk 
factors and mean levels of blood lipids were com- 
parable between groups A and B. Adherence to 
guava consumption was assessed by question- 
naires and weighing of guava intake by 24-hour 
recall after 12 weeks of follow-up. Nutrient in- 
takes including saturated and total fat were signif- 
icantly decreased; carbohydrates, total and solu- 
ble fiber and vitamins and mineral intakes were 
significantly higher in group A than in group B at 
12 weeks. There was a significant net decrease in 
serum total cholesterol (9.9%), triglycerides 
(7.7%) and blood pressures (9.0/8.0 mm Hg) with 
a significant net increase in high-density lipopro- 
tein cholesterol (8.0%) after 12 weeks of guava 
fruit substitution in group A than in group B. By 
adding moderate amounts of guava fruit in the 
usual diet, changes in dietary fatty acids and car- 
bohydrates may occur, providing significant 
amounts of soluble dietary fiber and antioxidant 
vitamins and minerals without any adverse ef- 
fects. There is a greater decrease in lipoprotein 
metabolism and blood pressures. 

(Am J Cardiol 1992;70:1287-1291) 
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clinical trials, studies based on angiographic 

demonstration of coronary artery narrowing and 
autopsy studies demonstrate that diet, plasma lipids and 
atherosclerosis are causally related.!-* Treatment of hy- 
pertension! has been noted to cause a decrease in deaths 
due to stroke with little impact on the coronary death 
rate which is likely to be the result of impaired lipid and 
electrolyte metabolism. Most experts recommend reduc- 
ing intake of salt, total fat, saturated fatty acids and 
cholesterol to enhance the decrease of blood pressures 
and serum cholesterol in patients with hypertension and 
hyperlipidemia, respectively. One simple method? for 
decreasing serum cholesterol may be by increasing the 
intake of foods rich in fiber such as oats, fruits and veg- 
etables to help displace foods rich in saturated fat and 
cholesterol. These investigators? have reported that by 
advocating foods-to-eat rather than focusing mainly on 
foods-to-restrict, dietary adherence and nutrient ade- 
quacy may be better achieved. We have described? that 
the foods-to-eat approach can cause a reduction in risk 
factors within 4 weeks if tasty fruits rich in potassium 
and soluble fiber such as guava are used to displace 
foods rich in salt, saturated fat and cholesterol. The 
purpose of this study was to (1) emphasize the die- 
tary changes and biochemical responses when increased 
amounts of guava fruit are included in the diet of pa- 
tients with essential hypertension, (2) reconfirm the effi- 
cacy and feasibility of this approach on longer follow- 
up, and (3) know the effect of guava intake on risk fac- 
tors. 


isc wra and experimental studies, controlled 


METHODS 

Recruitment of 153 free-living patients with essen- 
tial hypertension was done through special camps as de- 
scribed earlier? in a total period of 6 months. Clinical 
data including blood pressure, body weight and height, 
and electrocardiographic, radiologic and laboratory 
data were obtained in all patients in order to assess the 
factors and nature of hypertension? Exclusion criteria 
were: blood urea >40 mg/dl, serum cholesterol <180 
mg/dl (14 cases), refusal to eat 2500 g/day of guava 
during recruitment (5 cases), and secondary hyperten- 
sion (3 cases) diarrhea or dysentery. Hypertension was 
diagnosed as blood pressure >150/95 mm Hg and hy- 
percholesterolemia as serum total cholesterol >200 mg/ 
dl. Criteria of diagnosis of other risk factors have been 
described elsewhere. Participants were required to 
complete a 3-day food intake record before the baseline 
data collection visit. 
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TABLE | Effect of Dietary Advice on Nutrient Intakes in Group A and B Patients with Hypertension After 12 Weeks 
Baseline Mean (SD) 


Mean Difference (Final-Baseline) 


Difference 

Dietary Factor Group A (n = 61) Group B (n = 59) Group A Group B (A vs B) 
Energy (K calories/day) 2,052 (168) 2,112 (175) —40 (182) —7.0 (186) —34 
Guava (g/day) 78 (21) 89 (24) 326 (118) 76 (14) 250t 
Total carbohydrates (% Kcal) 56 (4.3) 56 (6.3) 7 (6) 1.1 (6) 5.8t 
Total proteins (% Kcal) 15 (1.4) 14 (1.3) —1.9 (2.8) 0.2 (2.6) —-1.71 
Total fat (% Kcal) 29 (3) 29 (4) —5.4 (4.2) —0.9 (4.0) —4.51 
Saturated (% Kcal) 12 (1.2) 12 (1.3) —2.4 (1.4) —0.4 (1.5) -2.0t 
Monounsaturated (% Kcal) 11 (1.3) 11 (1.3) —2.7 (1.5) —1.3 (1.5) —2.7T 
Polyunsaturated (% Kcal) 7 (1.0) 7.4 (1.0) —0.9 (1.2) —0.2 (1.1) —0.9t 
P/S ratio 0.61 (0.02) 0.62 (0.02) 0.06 (0.03) 0.01 (0.03) 0.07* 
Key score 41 (8.4) 41 (8.8) —1.6 (10) 2.2 (10.6) —3.8* 
Total cholesterol (mg/day) 309 (112) 315 (117) —34 (128) 8.5 (126) —42.1t 
Total fiber (g/day) 24 (6.4) 25 (8.6) 16 (7.8) 3.2 (6.4) 13.3 
Soluble fiber 14 (4.1) 16 (6.4) 18 (6.7) 1.6 (6.5) 16.7t 
Insoluble fiber 10 (3.2) 10 (3.2) — 1.8 (3.1) —1.6 (3.1) 1.8* 
Alcohol (g/week) 45 (13) 43 (10) —2.6 (11.4) —0.5 (9.8) —2.6 
Sodium (mg/day) 3,288 (672) 3,312 (692) —312 (651) —118.0 (668) —312.0* 
Potassium (mg/day) 922 (218) 952 (226) 415 (236) 95.0 (235) 320.0t 
Sodium/potassium ratio 3.5 (0.6) 3.4 (0.6) — 1.3 (0.6) —0.4 (0.61) 0.9f 
Vitamin C (mg/day) 122 (26) 126 (22) 415 (33) 112.5 (28.6) 302.5t 


*p «0.05; tp «0.0005 by 2-sample t test using analysis of variance. 
Values are mean + standard deviation; figures in parentheses are standard deviations. 


Study design: All participants with essential hyper- 
tension who were on a nifedipine trial signed informed 
consents and were observed for 4 weeks without any 
drug while maintaining their usual life style and daily 
dietary diaries. The study dietitian and pharmacists 
stratified all patients by sex and serum cholesterol level 
> or «200 mg/dl, and randomized the patients into 2 
almost equal groups by blindly selecting a card marked 
diet A (with guava) or diet B (no guava) from the pre- 
coded stack with equal numbers of each. Group A pa- 
tients were administered a diet containing 0.5 to 1.0 
kg/day of guava in a food-to-eat approach preferably 
before meals to displace foods rich in saturated fat and 
cholesterol. Each 100 gram of guava provides 5.2 g of 
fiber, 91 mg of potassium, 0.34 mg of copper, 5.5 mg of 
sodium, 23.8 mg of magnesium, 10 mg of calcium and 
212 mg of vitamin C? Group B served as a control 
group and was asked to maintain the usual intake 
throughout the study while the responsible physician 
was unaware of assigned dietary regimens. No patient 
received hypolipidemic drugs, sodium, potassium, calci- 
um or magnesium salts during the trial period. 

In both groups, patients were asked to maintain usu- 
al physical activity and salt intake, and not to reduce 
their body weight. All patients were administered a tab- 
let of aluminium hydroxide to achieve a uniform, place- 
bo effect and to minimize the placebo effect of a high 
guava fruit diet. The aim during the study period was to 
achieve maximal reduction in blood pressure and blood 
lipids by increasing the daily consumption of guava fruit 
in group A patients. No other changes in the diet were 
advised and the intervention and control groups met 
separately. Completed diaries were examined at weekly 
intervals by the dietitian to reinforce guava intake. Each 
patients was counseled regularly at a separate interview 
by the dietitian with the help of food models, food mea- 
sures and caloric value of food portions after filling a 
questionnaire regarding dietary adherences. Nutrient 


intakes were calculated? by computation of Indian foc 
composition tables based on the results of questionnai: 
and weighing of guava intake at 12 weeks of follow-t 
by 24-hour recall. 

Data collection: Blood pressure was recorded on e! 
try to the study and then at weekly visits for 4 weel 
and later every 2 weeks in all patients after 5 minutes : 
rest in the supine position, in the right arm by the san 
sphygmomanometer and by the same physician wl 
was unaware of treatment group. Body weights we 
measured on each visit after removing clothes and sho 
to the nearest 0.1 kg by the dietitian. Body mass indt 
was calculated as weight (without shoes) measured : 
kilograms divided by height in meters squared (kg/m? 

Laboratory data were obtained at entry to the stud 
after 4 weeks and then after 12 weeks in all patient 
Fasting blood was analyzed for urea, glucose, total ch 
lesterol,!? high-density lipoprotein cholesterol,!° trigly 
erides,!! blood counts, hemoglobin and electrolytes,!?- 
in all patients. A 2-sample ¢ test using analysis of vat 
ance and multiple regression analysis was performed fi 
analysis of data and to obtain statistical significance b 
tween the 2 groups. Statistical significance was define 
as p «0.05 and the f¢ tests were 2-tailed, unless othe 
wise mentioned. 

Coronary artery disease risk score was calculated t 
incorporating changes and high-density lipoprotein ch 
lesterol levels and systolic blood pressure for all partic 
pants at baseline and after 12 weeks using recently u! 
dated risk equations.!° 


RESULTS 

Clinical and biochemical data were obtained in 1: 
patients, and 22 patients were excluded because of vai 
ous reasons as described earlier. Of the remaining 1: 
patients who entered the trial, 5 in group A and 6 
group B were lost during a follow-up of 12 weeks. Bas 
line laboratory data and nutrient intakes before and a 
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TABLE Il Laboratory Data and Risk Factor Changes in Group A and B Patients with Hypertension at Entry and After Treatment 


Intervention 
Group A 


At Entry 
Mean (SD) 
(n = 61) 


Fasting blood glucose (mg/dl) 108 (10) 


Serum cholesterol (mg/dl) 226 (20) 


Serum triglycerides (mg/dl) 166 (18) 


High-density lipoprotein cholesterol 44 (8) 
(mg/day) 
Serum sodium (mEq/liter) 144 (12) 


Serum potassium (mEq/liter) 4.2 (0.4) 


Serum calcium (mg/dl) 9 (0.5) 


Serum magnesium (mEq/liter) 1.65 (0.3) 


Serum albumin (mg/dl) 4.4 (0.5) 


Blood pressures (mm Hg) 
Systolic 163 (6) 


Diastolic 106 (4) 


Body weight (kg) 67 (9) 


Estimated 10-year risk of CAD (?6)1 


Men (n = 51 vs 49) 52 (19) 


Women (n = 10 vs 10) 30 (12) 


Change After 
12 Weeks 
(n = 61) 


Control 
Group B 


At Entry 
Mean (SD) 
(n = 59) 


110 (11) 


Change After 
12 Weeks 
(n = 59) 


Net Change 
(95% Cl) 


9.5" 
2.6, 8.4 


22.01 
15.5, 28.5 


13.0T 
7.9, 18.1 


3.6* 
2.6, 4.5 


149 (14) ; 2.3 
0.3, 5.3 


0.8* 
0.41, 1.19 


0.16 
0.10, 0.22 


0.44* 
0.18, 0.70 


0.10 
—0.01, 0.21 


223 (18) 


162 (15) 


46 (11) 


4.5 (4) 


9 (0.5) 


1.6 (0.3) 


4.4 (0.5) 


9.0* 
6.0, 12.0 


8.0* 
4.5, 11.5 


69 (11) 0.4 
0.4, 1.2 


161 (7) 


104 (5) 


10.8* 
5.8, 15.4 


8.2* 
5.3, 12.4 


50 (22) 


36 (15) 


*Significant p value by 2-sample t test using analysis of variance by comparison of changes between groups A and B (*p «0.05; tp «0.01). 


Based on the Framingham Study.!5 
At 12 weeks laboratory data were available for 56 group A and 53 group B patients. 
CAD = coronary artery disease; Cl = confidence interval. 


ter therapy in 61 group A and 59 group B patients are 
listed in Tables I and II. At entry to the study, there 
was no significant difference in mean age, mean body 
mass index, sex, mean level of risk factors such as mean 
serum cholesterol and blood pressures and preentry 
drug therapy between the 2 groups as described else- 
where. Hypercholesterolemia was noted a little more 
often in group A (66 vs 61%), whereas group B had a 
slightly greater incidence of obesity (49 vs 56%) and 
physical inactivity (52 vs 61%). Systolic and diastolic 
blood pressures in group A (148 vs + 13/89 + 10 mm 
Hg) and in group B (150 + 11/92 + 11 mm Hg) be- 
fore entry to the study while receiving nifedipine (20 to 
40 mg/day) were comparable. Intervention group A re- 
ceived significantly higher amounts of guava (405 vs 
165 g/day) including soluble fiber, vitamin C, potassi- 
um, and a low sodium/potassium ratio diet than control 


7" group B. Changes in the intake of several nutrients from 


baseline to final levels were significant in group A only 
(Table I). Only a few patients had initial belching. 





Risk factors: Mean body weights, mean blood pres- 
sures and mean fruit fiber and potassium intake were 
similar on the day of entry to study in both the groups. 
After 12 weeks of intervention, group A mean serum 
total cholesterol (12.3%) and triglycerides (11.2%) were 
lower and mean net difference(s) between groups was 
9.9 and 7.796, respectively. The changes in high-density 
lipoprotein cholesterol in groups A and B (45.4 vs 
—2.6%) were insignificant; however, the mean net dif- 
ference (8.0%) was significant. 

Blood pressures and serum potassium: After 12 
weeks of intervention with guava fruit, group A mean 
blood pressures were lower by 13.6/11.0 mm Hg and 
the mean net difference between groups A and B was 
9.0/8.0 mm Hg. The changes were significant (Table 
II). In addition to blood pressure changes, there was a 
significant increase in mean serum potassium levels in 
groups A and B, and a mild decrease in group B com- 
pared with initial levels (+14.2% vs —4.4%). Mean net 
difference between groups was 18.6% (Table II). 
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Multiple regression analysis in a backward stepwise 
fashion was performed including changes in body 
weight, smoking, alcohol intake, physical activity, base- 
line blood pressure and a dietary factor derived from 
analysis of a principal component describing the main 
nutrient changes relating to blood pressure. Blood pres- 
sures at baseline (T = 2.81, p = 0.008) and the dietary 
factor (T = 2.14; p=0.05) accounted for significant 
variation (r? = 0.35) in systolic blood pressure (F = 
7.28). Diastolic blood pressure variation was not related 
to any variable. 


DISCUSSION 

Dietary soluble fiber intake, which may be protec- 
tive against chronic diseases, can be increased by in- 
creased consumption of fruits and vegetables, legumes, 
oat bran, psyllium and guar gum, causing a 6 to 19%** 
decrease in serum total cholesterol. Increased consump- 
tion of fruits and vegetables decreases blood lipids as 
well as provides increased content of antioxidant vita- 
mins C, E, A and f carotenes and minerals, potassium, 
magnesium, copper, selenium and chromium, which are 
protective against lipid peroxidation, atherosclerosis, 
thrombosis and coronary events.*!© Whereas the World 
Health Organization recommends an intake of 2400 
g/day of fruits and vegetables, the National Cholesterol 
Education Program Adult Treatment Panel advises an 
increased intake of soluble dietary fiber.!?:!5 

The present study has shown that consumption of 
moderate amounts of guava fruit in the daily eating pat- 
tern caused serum cholesterol (9.9%) and triglyceride 
(7.7%) reduction and an increase in high-density lipo- 
protein cholesterol (8.0%) with a mild beneficial influ- 
ence on fasting blood glucose (Table II). Daily con- 
sumption of guava fruit produces favorable effects on 
blood lipids as well as on nutrient intake by reducing 
the consumption of total and saturated fat, resulting in 
a higher polyunsaturated/saturated fat ratio. An in- 
creased intake of vitamin C and potassium was also not- 
ed, without any weight gain. It appears that patients 
substituted guava for other carbohydrate foods isocalo- 
rically rather than simply adding guava to the baseline 
intake (Table I). Although the exact mechanism of how 
soluble fiber decreases blood lipids is not known, the 
effect of guava may relate to the capacity for soluble 
fiber to (1) bind to bile acids and interfere with fat ab- 
sorption, (2) increase fecal excretion of bile acids affect- 
ing hepatic secretion of lipoproteins, and (3) ferment 
colonic bacteria, thus forming gases and short chain fat- 
ty acids such as propionate and inhibiting hepatic cho- 
lesterol synthesis.^!? Similar reduction®°-?? in serum 
cholesterol with no decrease in high-density lipoprotein 
cholesterol and triglycerides was observed in other re- 
cent studies. In 1 study,?! 10.2 g of psyllium was given 
daily for 16 weeks, and was associated with 5.6% de- 
crease in serum total cholesterol, an 8.6% decrease in 
low-density lipoprotein cholesterol with no reduction in 
high-density lipoprotein. Despite comparability of these 
results, differences in methodology of studies have made 
meaningful comparisons difficult. However, in all these 
studies”°-22 and in our study, self-imposed changes in 
dietary behavior and lipid response have been measured 
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as a result of daily inclusion of high-fiber foods in th 
otherwise regular diet. It seems that incorporation of 
large amount of carbohydrate-rich high fiber food: 
preferably a tasty fruit before meals that constitutes 
major share of the caloric intake, limits the capacity ¢ 
the patients to eat other foods.5?? Documentation of th 
dietary changes and nutrient intakes associated wit 
such interventions serve more accurately to attribut 
lipid and blood pressure response to the relevant dietar 
factors. 

This study also showed a significant decrease i 
blood pressure in addition to decreased blood lipids; th 
may have occurred because of an increased intake « 
dietary potassium and a decreased sodium/potassiu1 
ratio in the diet, leading to a significant increase in st 
rum potassium (Tables I and II).! However, it is n 
absolutely clear which component of the diet, or guav 
fruit, was responsible for the changes in blood pressui 
in our study. The data from nutrient analysis indica! 
that the recommendation to incorporate guava on a da 
ly basis led to self-initiated changes in dietary fat intak 
as well as increased consumption of soluble dietary f 
ber, potassium and vitamin C, known to be protect 
against blood pressure and heart disease.*2??^ Increase 
intake of vitamin C and physiologic homeostasis ma 
have caused an increase in high-density lipoprotein ch: 
lesterol.? The estimated risk of coronary artery di 
ease!? based on the Framingham Study equations w< 
significantly reduced in group A patients eating guav 
compared with group B. 

The issue of compliance to dietary advice may be 
problem in such a “food-to-eat trial."5 Assessment : 
nutrient intakes by questionnaires is also open to bia 
The weighing of guava intake, taste, flavor, price, ea: 
availability of guava, and general health education f: 
voring fruits added to include eating 2500 g of guava ; 
a time may have increased the compliance to our expe 
tation. A decrease in blood lipids in the subjects of tl 
intervention group also indicated better compliance | 
guava consumption. The present study may be the fir 
of its kind to illustrate the feasibility of eating modera 
amounts of guava daily by Indian patients with essenti 
hypertension without weight gain or adverse effects. 

It may be emphasized that, “It is not reduction : 
serum cholesterol but reduction of CAD risk that is tl 
bottom line of greatest interest."952? Guava is free 
available in most Asian and eastern European countri 
where there is a rapid increase in coronary artery di 
ease. Its addition to the daily diet may be useful ar 
beneficial in decreasing the risk of and preventing cor 
nary artery disease.?*24 
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ARRHYTHMIAS AND CONDUCTION DISTURBANCES 


Frequency and Implications of Resetting and 
Entrainment with Right Atrial Stimulation in 
Atrial Flutter 


Angel Arenal, MD, Jesús Almendral, MD, Daniel San Román, MD, 
Juan L. Delcan, MD, and Mark E. Josephson, MD 


Thirty-three patients (24 with typical and 9 with 
atypical flutter-wave morphology) were studied to 
evaluate the incidence and implications of reset- 
ting and entrainment of atrial flutter with right 
atrial stimulation. Resetting with single extrastim- 
ulus was present in 23 cases (group A) and absent 
in 10 (group B). Most cases of reset flutter were 
typical (20 of 23). Fixed fusion indicative of en- 
trainment was observed in all 29 cases with pac- 
ing trains. Groups A and B did not differ signifi- 
cantly in flutter cycle length (230 + 20 vs 223 + 
19 ms), atrial functional refracory period (165 + 
18 vs 167 + 22 ms) or longest paced cycle length 
producing entrainment (213 + 19 vs 210 + 19 
ms). In contrast, the return cycle after the longest 
paced cycle length producing entrainment was sig- 
nificantly shorter in group A (228 + 27 vs 284 + 
56 ms; p = 0.001). The return cycle in group A 
was virtually identical to the flutter cycle length, 
whereas in group B it was greater (p = 0.002 com- 
pared with group A). Resetting was more frequent 
in typical than atypical flutter (20 of 24 vs 3 of 9; 
p = 0.01). 

Both typical and atypical flutter can be tran- 
siently entrained by right atrial pacing. Lack of re- 
setting and longer return cycle, suggesting a long- 
er conduction time between the reentrant circuit 
and the stimulation site, were mostly observed in 
atypical flutter. The data suggest a different loca- 
tion for both types of flutter, and may have impli- 
cations for ablation techniques. A more cautious 
approach, with more extensive mapping, appears 
appropriate for ablation attempts of atypical flut- 
ter. 

(Am J Cardiol 1992;70:1292-1298) 
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tion of a focus or circuit by a different activatior 
wave front typically originated by an extrastimu- 
lus delivered at a distant site. We can recognize thi: 
phenomenon because the timing of the first beat afte: 
the stimulus is modified (typically advanced). 
The resetting phenomenon was previously analyzec 
in sustained ventricular tachycardia in humans, a: 
well as in some in vitro preparations.5-? It has also beer 
described in atrial tachycardia and flutter.!°-!4 Continu- 
ous resetting (i.e., entrainment) was first recognized ir 
atrial flutter!? and subsequently described in ventriculai 
tachycardia,'® reciprocating atrioventricular tachycar- 
dia incorporating an accessory pathway," and atrioven- 
tricular nodal tachycardia.!? It was recently reportec 
that entrainment could be observed in 10 consecutive 
cases of typical atrial flutter with right atrial stimula- 
tion.!? However, the information presently available re- 
garding the incidence or determinants of resetting ir 
atrial flutter, or the phenomenon of entrainment ir 
atypical atrial flutter, is limited.2°?! Therefore, we ana: 
lyzed in a series of patients with atrial flutter the effect: 
of the electrophysiologic properties at the stimulatior 
site and the intrinsic characteristics of the arrhythmi: 
on the ability to reset/entrain with right atrial stimula: 
tion. 


Te resetting phenomenon represents the penetra- 


METHODS 

Patients: The study cohort comprised patients witt 
sustained atrial flutter who underwent right atrial elec. 
trical stimulation to terminate atrial flutter. Additiona 
requirements for entry in the study included stability ir 
flutter cycle length («20 ms difference in cycle lengtt 
of 20 consecutive beats), and hemodynamic tolerance o! 
flutter. 

Thirty-three consecutive patients fulfilling the entry 
criteria entered the study. Flutter was considered typi: 
cal or atypical (or rare) on the basis of the morphologic 
electrocardiographic appearance of atrial activity in the 
inferior leads. If it was predominantly negative (with < 
slow downstroke and fast upstroke, the so-called “sav 
tooth” pattern), the flutter was deemed typical; other: 
wise, it was classified as atypical. Typical flutter wa: 
observed in 24 cases and atypical flutter in the remain. 
ing 9. The mean age was 58 years (range 27 to 83). The 
cardiac diagnosis was valvular heart disease in 8 pa 
tients, coronary heart disease in 3, cardiomyopathy in 4 
chronic obstructive pulmonary disease in 2 and systemic 
hypertension in 4. In 5 cases, the flutter occurred afte: 
surgery. In 7 patients, no cardiovascular disease wa: 
found. In 13 cases, the study was performed while tht 
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TABLE I Electrophysiologic Variables in All Cases, Divided According to Whether Resetting 
Was Present (group A) or Absent (group B) in Response to Single Atrial Extrastimulus 


FCL AFRP 


0 0 
0 0 
0 Q 
0 A 
0 0 
0 0 
0 0 
0 A 
0 A 
0 0 


All values are expressed in ms. 


LCI LPCL RC FCL-LPCL RC-FCL 


A = amiodarone; AAA = antiarrhythmic agents; AFRP = right atrial functional refractory period during atrial flutter; At = 
atypical; FCL = flutter cycle length; LC] = longest coupling interval producing resetting with single extrastimulus; LPCL = 
longest paced cycle length for trains of rapid pacing producing entrainment; MOR = atrial wave morphology; Q = quinidine; 
RC = return cycle; RSE = resetting with single extrastimulus; T = typical; + = present; O = absent; — = no information. 


patient was receiving class I or III antiarrhythmic 
drugs. The mean flutter cycle length was 229 + 20 ms 
(range 195 to 278). 

Electrical stimulation and recordings: After in- 
formed consent for the study, 21 quadripolar catheter 
with a 5 mm interelectrode distance was percutaneous- 
ly inserted and positioned with fluoroscopic guidance. 
Stimulation was performed using a programmable stim- 
ulator (Jansen Inc.). Bipolar cathodal stimulation was 
performed at the distal pair. Stimuli were rectangular 
pulses, 1 ms in duration, at twice the diastolic threshold. 
Data were recorded with an ink jet recorder (Siemens 
Elema, Mingograph 4) or photographic recorder 
(Honeywell VR 12) at a paper speed of 100 to 200 
mm/s. In all, 3 to 7 surface electrocardiographic leads 
(at least I, aVF and V4) were recorded, together with 1 
to 3 atrial intracardiac bipolar electrograms. All intra- 
cardiac electrograms were filtered at 30 to 500 Hz. 

Stimulation during atrial flutter was performed at 


7f? the high, lateral right atrium. Single atrial extrastimuli 


were delivered during atrial flutter in 10 ms decrements, 
beginning at 10 ms less than the flutter cycle length, 





until local atrial refractoriness was achieved. Multiple, 
30-second duration, synchronized trains of rapid atrial 
pacing at a constant rate were delivered, beginning at a 
cycle length 10 ms less than the flutter cycle length, and 
decreasing the pacing cycle length in 10 ms decrements 
until termination or a sustained change in atrial rate. 

Definitions: (1) Resetting of the flutter was observed 
if the interval from the last atrial electrogram before an 
atrial extrastimulus to the first nonpaced atrial flutter 
electrogram (both measured at the proximal pair of the 
quadripolar pacing site) was 220 ms less than twice the 
flutter cycle length, and the same flutter (cycle and 
morphology) resumed after pacing. The observation was 
corroborated by surface electrocardiographic measure- 
ments and measuring at other recording sites when pos- 
sible. 

(2) Transient entrainment occurred if fusion (hy- 
bridization between flutter and paced-wave morpholo- 
gies in the surface electrocardiogram) was present and 
fixed during pacing. This was recognized by 21 of the 
following 3 observations: (A) the progressive appear- 
ance of fusion (i.e., constant atrial wave morphology at 
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each rate, but different morphologies at different 
rates)!5; (B) a different morphology of the atrial wave 
during pacing from the same site at the same rate dur- 
ing flutter and in the absence of flutter (after restora- 
tion of sinus rhythm); and (C) if each paced stimulus at 
a certain rate (having an identical timing relative to the 
F waves) was delivered during an obviously ongoing 
atrial deflection that began before the stimulus artifact. 
These criteria for fusion are similar to those described 
for fusion during ventricular tachycardia if the stimulus 
is delivered after QRS onset.?? In some cases, the first F 
wave after stimulation occurred at the pacing cycle 
length, but this was not considered a requirement for 
the presence of entrainment, because a similar phenom- 
enon was found to be frequently absent during entrain- 
ment of ventricular tachycardia.” 

(3) Return cycle was defined as the interval from 
the last paced electrogram to the next electrogram in 
response to the slowest pacing rate resulting in entrain- 
ment (measured at the pacing site). Each coupling in- 
terval or pacing cycle was repeated twice to assure re- 
producibility of the responses. Intervals were measured 
between the rapid deflections of the local atrial electro- 
grams recorded from the proximal pair of the quadripo- 
lar pacing catheter. 


Statistical analysis was performed with Student 
paired t test for continuous variables and chi-square fo 
discrete variables. A p value <0.05 was considered sig 
nificant. 


RESULTS 

Table I lists the electrophysiologic data of all 33 pe 
tients. In 23 patients (group A), resetting was observe 
with 1 extrastimulus from the high, lateral right atriur 
(Figure 1). In the remaining 10 patients (group B), n 
resetting was observed with a single extrastimulus (Fis 
ure 2). Table II compares the 2 groups of patients. Flu 
ter was typical in 20 group A (87%) and 4 group 
(40%) patients (p = 0.01). The proportion of patien 
receiving antiarrhythmic agents was not significant 
different: 9 (39%) in group A (2 quinidine and 7 ami 
darone) and (30%) in group B (1 quinidine and 2 ami 
darone; Tables I and II; p 7 not significant [NS]). Di 
ferences in the mean flutter cycle length of groups . 
and B were not significant (230 + 20 vs 223 + 19 m 
p = NS). The atrial functional refractory periods durir 
flutter at the stimulation site measured 165 + 18 ms | 
group A and 167 + 22 ms in group B (p= NS). 

Entrainment was observed in all 29 cases in who! 
pacing trains were delivered (21 group A and 8 group 
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FIGURE 1. Example of group 
trocardiographic leads (I, II, Ill and V;), together with 
xtrastimulus 


A case in which there is resetting with singie atrial extrastimulus. Tracing displays 4 surface ele 


recording from high lateral right atrium (HLRA) during atri: 


intracardiac 
with coupling interval of 200 ms results in less than compensatory pause (230 ms measurec 
resetting. 


| 

il 

I 

AVR 

Vi : 

Ma NRE ‘ EER 
J 30. || ^230 


a 


ee 
| fso 280 || 30130 " M 


_ ERE EARN vet E Na ee uy 


leads are shown, together with intracardiac 


from high lateral right atrium (HLRA). Single extra 


electrocardiographic recording 
stimulus with shortest possible coupling interval resulting in local capture is followed by fully compensatory pause. 
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TABLE Il Comparison of Clinical and Electrophysiologic Variables in Groups A and B 


Group A (n = 23) 


Age (year) 

Structural heart disease (yes/no) 
Typical/atypical 

Class I/III antiarrhythmic agents (yes/no) 
FCL (ms) 

AFRP (ms) 

Entrainment (yes/no)* 

LPCL (ms) 

RC (ms) 

Difference between FCL and LPCL (ms) 


59+ 15 
19/4 
20/3 
9/14 
230 + 20 
165+ 18 
21/0 
213 +19 
228 + 27 
15 x7 


Difference between RC and FCL (ms) 0.1 + 17.0 


56 + 15 
7/3 
4/6 
4/6 

223 + 19 
167 + 22 
8/0 
210+19 
284 + 56 
13 +4 
60 + 50 


Group B (n = 10) 


p Value 


*|n response to trains of rapid atrial pacing; in 2 cases of each group, flutter was terminated with single extrastimulus, so 


they did not undergo trains of rapid pacing. 
Abbreviations as in Table |. 


patients; Figures 3 to 5). The remaining 2 patients in 
each group (1 morphologically typical and 1 atypical in 
each group; Table I) converted to sinus rhythm with 
double extrastimuli, and pacing could not be performed. 
The longest paced cycle length producing entrainment 
was similar in the 2 groups (213 + 19 vs 210 + 19 ms), 
as was the difference between flutter cycle length and 
longest paced cycle length (15 + 7 vs 13 + 4 ms). In 
contrast, the return cycle with entrainment was longer 
in group B than in A (284 + 56 vs 228 + 27 ms; 
p = 0.001). The difference between return cycle and 
flutter cycle length was greater in group B than in A 
(60 + 50 vs 0.1 + 17 ms; p = 0.0002; Table IT). Fur- 
thermore, the difference between return cycle and flut- 
ter cycle length was <10 ms in 19 group A and 2 group 
B cases (Table I and Figure 3), and >10 ms in 2 group 
A and 6 group B cases (Table I, and Figures 4 and 5). 





DISCUSSION 

Atrial flutter, is generally believed to be a reentrant 
arrhythmia.67.12.13,19,2023-28 The clinical stability that is 
usually found during atrial flutter enables the perfor- 
mance of a complete stimulation protocol in an unse- 
lected population. This is in contrast with similar studies 
of ventricular tachycardia!° in which the requirement 
of clinical stability probably restricted the analysis to a 
minority of the tachycardia population. 

In this series, entrainment could be demonstrated by 
constant atrial fusion in all cases in which trains of rap- 
id pacing could be delivered. Entrainment was previous- 
ly observed in 10 consecutive cases of typical atrial flut- 
ter.'? However, in our study, entrainment was also ob- 
served in the 7 cases of atypical atrial flutter in whom 
rapid pacing could be performed. Therefore, entrain- 
ment appears to be a generalized phenomenon and con- 
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FIGURE 3. Entrainment in case shown in Figure 1. Tracings are organized as in Figure 1. Both panels display last few beats of 
a pacing train (shorter cycle length in bottom panel), followed by resumption of flutter. Entrainment is gnis orent 
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before stimulus artifact. Return cycle after pacing at slower rate (fop) is almost identical (actually 10 ms shorter) to flutter cycle 
length. Same cycle length and electrogram morphology resume after pacing. 
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FIGURE 4. Entrainment in case shown in Figure 2. Panels and tracings are organized as in Figure 3. Fixed and progressive fu- 
sion can also be observed comparing paced-wave morphology in both panels. However, in contrast with Figure 3, return cycle 
after pacing at slower rate (top) is 35 ms longer than flutter cycle length. 



























FIGURE 5. Presence of entrainment with fusion in case shown in 2 and 4 by analysis of intracardiac electrograms. Six 
surface electrocardiographic leads (I, II, Ill, aVR, V; and Vs) are displayed, together with intracardiac recordings from high lat- 
eral right atrium (HRA), lateral right atrium (LRA), coronary sinus (CS) and inferior right atrium (IRA). Last few beats of pacing 
train followed by resumption of flutter. During pacing, all recorded intracardiac sites are depolarized at paced cycle length. AN 
recorded intracardiac sites, except CS, are captured antidromically during pacing, as shown by first postpacing interval being 
different (longer; between 265 and 275 ms) than paced cycle length. However, CS electrogram is captured orthodromically, be- 
cause first postpacing interval equals paced cycle length, demonstrating that electrogram depolarized after each stimulus arti- 
fact is dependent on wave front originated by previous stimulus. Furthermore, morphology of electrogram remains unchanged 
during pacing. During pacing, CS and IRA electrograms are simultaneous; however, while each IRA electrogram depends on 

paced wave front generated by immediately preceding stimulus artifact, each CS electrogram depends on a different wave 

front—that generated by previous stimulus artifact. Therefore, atrial fusion is necessarily occurring during pacing. Temporal 


activation relation of these 2 electrograms changes immediately on first beat after pacing. 
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firms the previous contentions concerning the reentrant 
mechanism of atrial flutter in humans.!?.152023-28 

Absence of resetting in a reentrant arrhythmia could 
be explained by the following mechanisms: (1) inability 
of the paced wave front to reach the circuit at the ap- 
propriate time; (2) inability to enter the circuit because 
no excitable gap is present. The ability to entrain the 
flutter excludes this mechanism. (3) The tissue in the 
excitable gap is only partially excitable, and the resul- 
tant slowing of conduction within the reentrant pathway 
compensates for the prematurity with which the extra- 
stimulus reaches the circuit. In this case, the “pause” 
after the extrastimulus is fully compensatory, failing to 
meet our criteria for resetting; however, the circuit is 
penetrated (“concealed resetting”). This is conceivable 
for 1 coupling interval, but it seems unlikely that for a 
range of coupling intervals the degree of slowing of con- 
duction produces exact compensation for the prematuri- 
ty of the extrastimulus. Thus, the inability of a single 
extrastimulus to reach the circuit at an appropriate time 
interval is the likely mechanism for failure of resetting 
in group B patients. 

The factors potentially influencing the ability of a 
single paced wave front to reach the circuit include flut- 
ter cycle, conduction times between circuit and stimula- 
tion site, and functional refractory period at the stimu- 
lation site. In this series, the second factor appears the 
most likely. The mean flutter cycle length and atrial 
functional refractory period at the site of stimulation 
were not significantly different in groups A and B (Ta- 
ble II). Furthermore, the longest coupling interval pro- 
ducing resetting in group A was significantly longer 
than the functional refractory period in group B (195 + 
28 vs 167 + 22 ms; p = 0.05), suggesting that failure of 
resetting in group B cannot be attributed to inability to 
achieve comparable prematurity. The proportion of pa- 
tients receiving antiarrhythmic agents (that could alter 
refractoriness or conduction) was similar in both groups 
(Table II). 

The return cycle after entrainment with the longest 
paced cycle was significantly shorter in group A (Table 
II). Therefore, either the conduction times between the 
circuit and stimulation site or the conduction times 
within the circuit between entrance and exit should be 
longer in group B. Although the latter cannot be com- 
pletely ruled out, we consider this mechanism unlikely. 
Entrainment with fusion implies well-separated sites of 
entrance and exit to and from the circuit (as has been 
suggested in ventricular tachycardia).”° If sites of en- 
trance and exit had not been separate in group B cases 
(this being responsible for a longer return cycle), en- 
trainment with fusion would have been expected to be 
absent in some or all of these cases. 

Thus, the results suggest that in a substantial pro- 
portion of cases of clinical atrial flutter (in the present 
series, =19 of 33 cases that were reset with a single 
right atrial extrastimulus and had a return cycle-flutter 
cycle length <10 ms), the high lateral right atrium has 
a short conduction time to the entrance of the circuit 


*** (this being in the right atrium). The differences in the 


ease of reset of typical and atypical flutter from the 
right atrium probably reflect the location of most typi- 
cal flutter in the right atrium. It is conceivable that 
in group B cases (most of them atypical flutter), the 
circuit could have a different location. This may have 
implications for ablation techniques. Attempts to ablate 
atrial flutter have to date approached right atrial 
sites.2039 In view of our findings, we suggest a more 
cautious approach toward ablation attempts of atypical 
flutter, with more extensive mapping and pacing tech- 
niques. 
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SYSTEMIC HYPERTENSION 





Crossover Comparison of Atenolol, Enalapril, 


Hydrochlorothiazide and Isradipine for Isolated 
Systolic Systemic Hypertension 


Christopher A. Silagy, MBBS, PhD, John J. McNeil, MBBS, PhD, and Barry P. McGrath, MD 


The benefit of antihypertensive therapy in reduc- 
ing cardiovascular morbidity and mortality associ- 
ated with isolated systolic hypertension has now 
been established by the Systolic Hypertension in 
the Elderly Program. However, there is little infor- 
mation about the relative effectiveness of different 
drug regimens in this condition. This study com- 
pared the efficacy and tolerability of 50 mg of 
atenolol, 10 mg of enalapril, 25 mg of hydrochlo- 
rothiazide and 2.5 mg of isradipine in the treat- 
ment of isolated systolic hypertension. After a 3- 
week placebo run-in phase, 24 subjects were ran- 
domized into a 4-period double-blind crossover 
study by use of an orthogonal latin square design. 
Treatment periods were of 6 weeks’ duration with 
titration to a higher dose after 4 weeks in those | 
not reaching goal blood pressure (BP). Each active 
treatment was followed by a 3-week placebo 
washout. Casual clinic and 24-hour ambulatory 
BP (Accutracker Il) were measured at the end of 
each treatment phase. Routine biochemistry was 
also performed after the placebo run-in, at the end 
of each active treatment phase, and after the pla- 
cebo run-out. Of the 24 subjects entered (mean 
age 72.3 years, 38% men) 20 completed the 
whole study. Mean + standard deviation of supine 
clinic and daytime ambulatory BP on entry were 
181/79 + 21/9 mm Hg and 165/82 + 23/15 mm 
Hg, respectively. All drugs reduced mean casual 
and ambulatory BP significantly relative to place- 
bo but only hydrochlorothiazide and enalapril pro- 
duced a consistent hypotensive effect throughout 
the entire 24-hour period. Isradipine and enalapril 
exhibited a relatively greater effect on reducing 
systolic BP than either hydrochlorothiazide or 
atenolol. The frequency of adverse effects was 
similar except ankle edema was more frequent 
with isradipine, cough with enalapril, and breath- 
lessness with atenolol. It is concluded that in the 
dosages used, both hydrochlorothiazide and enala- 
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pril provide suitable treatment for isolated systolic 

hypertension. The place of dihydropyridine like 

calcium antagonists requires further assessment. 
(Am J Cardiol 1992;70:1299-1305) 


is the only trial that has shown that antihyper- 

tensive therapy reduces the risk of cardiovascular 
mortality and morbidity, in elderly subjects with isolat- 
ed systolic hypertension.! Consequently, the drug regi- 
men used in that trial is the only one proven to be effi- 
cacious in this condition. The active treatment in that 
study consisted of chlorthalidone (12.5 to 25 mg/day) 
as the first line agent, with atenolol (25 or 50 mg/day) 
or reserpine (0.05 mg/day) added if the blood pressure 
(BP) control on chlorthalidone was inadequate. 

In a significant proportion of elderly patients, diuret- 
ic drugs such as chlorthalidone are inappropriate thera- 
py because of their tendency to provoke gout,? worsen 
glucose tolerance? and provoke arrhythmias.? The place 
of alternative drug therapy is uncertain and would be 
resolved only if large-scale trials were undertaken com- 
paring the ability of the different drugs to influence 
morbidity and mortality. Until such information be- 
comes available the identification of drugs suitable for 
treating isolated systolic hypertension must be guided 
by studies comparing their antihypertensive efficacy, 
adverse effect profiles and other properties relevant to 
the prevention of vascular disease. 

The aim of this present study was to compare the 
antihypertensive efficacy of 4 drugs, each representative 
of a different class of antihypertensive agent, in patients 
with isolated systolic hypertension. These were atenolol 
(a 8 blocker), enalapril (an angiotensin-converting en- 
zyme inhibitor), hydrochlorothiazide (a thiazide diuret- 
ic) and isradipine (a calcium antagonist). 


Ts Systolic Hypertension in the Elderly Program 


METHODS 

Patients of either sex were eligible for inclusion pro- 
vided they were aged 2-60 years and met the BP criteria 
for isolated systolic hypertension after 3 weeks of a sin- 
gle-blind placebo run-in period. Any previous antihyper- 
tensive drug therapy was withdrawn before commenc- 
ing the placebo. Isolated systolic hypertension was de- 
fined as an average supine systolic BP of 2160 mm Hg 
and a supine diastolic BP of <95 mm Hg. 

Exclusion criteria were: (1) patients with significant 
cardiovascular, gastrointestinal, hepatic or renal disease; 
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TABLE | Patient Characteristics and Baseline Blood Pressures 


Total No. of Subjects 24 
Men (%) 9 (37.5) 
Women (%) 15 (62.5) 
Mean age (+ SD) 72.3+7.9 
Height (cm) + SD 162.5 + 9.6 
Weight (kg) + SD 68.2 + 14.6 
Body mass index (kg/cm?) + SD 25.7 + 3.9 
No. of subjects on previous antihypertensive 16 (66.7) 
treatment (95) 
Monotherapy 
Diuretic 
ACE inhibitor 
p blocker 
Combination 
No. of weeks on placebo (%) 
0 7 (29.2) 
3 17 (71.9) 
BP at Entry 
Casual clinic measurements (mean + SD) 
Supine systolic (mm Hg) 
Supine diastolic (mm Hg) 
Supine heart rate (beats/min) 
Standing systolic (mm Hg) 
Standing diastolic (mm Hg) 
Standing heart rate (beats/min) 
Ambulatory Monitoring Measurements 
(mean + SD) 
24-hour period 
Systolic (mm Hg) 
Diastolic (mm Hg) 
Heart rate (beats/min) 
Daytime period (0800—2200 hours) 
Systolic (mm Hg) 
Diastolic (mm Hg) 
Heart rate (beats/min) 
Nighttime period (2200—0800 hours) 
Systolic (mm Hg) 
Diastolic (mm Hg) ja 18 
Heart rate (beats/min) 73 x 19 


ACE = angiotensin-converting enzyme; BP = blood pressure. 


(2) use of concomitant vasoactive medication; (3) a his- 
tory of malignant hypertension; (4) angina pectoris 
(other than infrequent episodes controlled with oral ni- 
troglycerin); (5) a history of myocardial infarction with- 
in 3 months before starting the study; (6) bradycardia 
(<50 beats/min); (7) grade 2 or 3 atrioventricular 
block; (8) a functionally significant accessory atrioven- 
tricular conducting pathway; (9) history of alcohol or 
drug abuse; (10) known contraindication or hypersensi- 
tivity to any of the 4 classes of drug; (11) history of 
poor compliance; and (12) an unwillingness or inability 
to use ambulatory BP equipment. 

Patients with an average supine systolic BP >200 
mm Hg at any time during the placebo run-in period 
began active treatment immediately. No other antihy- 
pertensive medication, investigational drugs, or drugs 
that might have affected BP were permitted during the 
course of the study. Only concomitant medications con- 
sidered essential for the patient’s well-being while in the 
study were continued. 

The study was approved by the Research Advisory 
and Ethics Committee of Monash Medical Centre. It 
was performed in accordance with the Declaration of 
Helsinki and the Australian National Health and Medi- 


2 (8.3) 

3 (12.5) 
3 (12.5) 
8 (33.3) 


181 + 21 
79+9 
72+10 
178 + 20 
83 €13 
75 x 10 


158 + 25 
78 * 16 
80 + 19 


165 + 23 
82+15 
86+ 18 


149 + 24 
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cal Research Council guidelines for the conduct of clini- 
cal research. All patients gave written informed consent. 

Study design: The study was a randomized, double- 
blind, double-dummy, 4 X 4 latin square design. Pa- 
tients who met the entry criteria and who gave informed 
consent were randomized to receive each of the drugs ir 
1 of 4 sequences. Each of the 6-week active treatment 
phases was separated by a 3-week placebo washout. Af- 
ter the fourth active treatment phase there was a fina. 
3-week placebo run-out. It was not a condition of the 
study that entry criteria for isolated systolic hyperten- 
sion be reestablished between the different treatment 
periods. 

Dosage: With each of the drugs a 2-stage dosage 
titration process was adopted. During the first 4 week: 
of active treatment the following dosage schedules wert 
used: atenolol 50 mg once daily, enalapril 10 mg once 
daily, hydrochlorothiazide 25 mg once daily, and isradi- 
pine 1.25 mg twice daily. After a 4-week period patient: 
who failed to achieve a goal BP, defined as a supine 
systolic BP of «160 mm Hg and a decrease of <15 mm 
Hg from their baseline supine systolic BP, had thei 
dosage titrated upward for the remaining 2 weeks. Thi: 
higher dosage schedule consisted of atenolol 100 mg 
once daily, enalapril 20 mg once daily, hydrochlorothia- 
zide 50 mg once daily, and isradipine 2.5 mg twice dai- 
ly. Matching placebo capsules were used for the night- 
time doses to preserve the closed part of the study. 

Patient assessment: All patients were evaluated be- 
fore the start of each treatment phase and again after 4 
and 6 weeks of therapy during each 6-week treatment! 
period. Adverse drug reactions were solicited in re 
sponse to a general question: “Since your last visit have 
you experienced any unwanted effects?" Compliance 
with medication was assessed on each occasion by pil 
count. 

At each visit supine BP was measured on 3 occasions 
after a period of 10-minute recumbency and again fol- 
lowing a period of 2-minute standing. A random zerc 
sphygmomanometer was used for all BP measurements. 
Korotkoff phases I and V were used to identify systolic 
and diastolic BP, respectively. The 3 readings obtainec 
in each position were then averaged. 

On the day before the final visit of the placebo run- 
in and run-out periods and at the end of each of the 4 
treatment periods, ambulatory BP was recorded over a 
24-hour period using an Accutraker II BP monitoring 
device (Suntech Instruments, Raleigh, North Carolina). 
Before each recording period the readings obtained with 
the ambulatory monitor were compared with those tak- 
en simultaneously by an observer unaware of treatment 
protocol using a standard mercury sphygmomanomete1 
attached by a Y-piece. The monitor recorded the BF 
every half hour between 0800 and 2200 hours and mea- 
surements were obtained hourly between 2200 and 080C 
hours. The time at which medication was taken was alsc 
recorded. 

Baseline laboratory screening (full blood count. 
erythrocyte sedimentation rate, biochemistry profile. 
urinalysis and electrocardiograph) was performed on all 
patients who met the entry criteria. At the conclusion of 
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each 6-week period with active treatment, a repeat labo- 
ratory profile was performed. 

Data analysis: All clinic data obtained were coded 
for computer entry and analyzed using SAS-PC statisti- 
cal software.’ As a first step, analysis of variance was 
used to test for period effects or treatment-period inter- 
actions. 

The data obtained from the 24-hour ambulatory BP 
monitoring were transferred to an IBM compatible PC 
via an Accutracker PC Interface Card, and then con- 
verted into a SAS data file. For each of the 4 active 
treatment phases the recorded systolic and diastolic BP, 
together with heart rate, were averaged within hourly 
time periods (according to real time) and then over the 
entire 24-hour period of observation. Mean BP and 
heart rate values were then calculated for the daytime 
(0800 to 2200 hours) and nighttime periods (2200 to 
0800 hours) independently. 

Treatment effects derived from the ambulatory BP 
readings were calculated as mean treatment BP minus 
mean BP from the placebo run-in and run-out phases. 
Those derived from casual clinic readings were calculat- 
ed as the mean decrease in BP relative to the preceding 
baseline placebo BP. The relative effects of the 4 drugs 
on both casual clinic and ambulatory BP were assessed 
using a general linear models regression analysis? incor- 
porating the Tukey-Kramer method for multiple com- 
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TABLE Il. Number of Subjects Reaching Goal Blood Pressure* 
HCTZ Enalapril 


Atenolol  Isradipine 


Total no. of subjects treated 23 
No. of subjects on dose level 
at 6 weeks 
Dose B 
Dose C 
No. of subjects reaching 
goal BP after 6 weeks 
Dose B 
Dose C 
Total no. of subjects reach- 
ing goal BP 


*Defined as a casual supine systolic blood pressure (BP) « 160 mm Hg and a 
decrease of « 15 mm Hg from baseline. 

1Two subjects were withdrawn from the atenolol phase after 6 and 10 days because 
of adverse effects. One other subject discontinued the atenolol phase after 4 weeks (at 
the time of dose titration) because of adverse effects. 

BP = blood pressure; Dose B levels = hydrochlorothiazide 25 mg once daily, 
enalapril 10 mg once daily, atenolol 50 mg once daily, isradipine 1.25 mg twice daily; 
Dose C levels = hydrochlorothiazide 50 mg once daily, enalapril 20 mg once daily, 
d. ria 100 mg once daily, isradipine 2.5 mg twice daily; HCTZ = hydrochlorothia- 
zide. 


parisons. Results are expressed as mean + standard de- 
viation. 


RESULTS 
Subjects: Of the 24 subjects (mean age 72.3 + 7.9 
years, 37.5% men) who met the criteria and were ran- 
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FIGURE 1. Comparison of the 24-hour noninvasive ambulatory systolic blood pressure (BP) profile obtained after 6 weeks of 
treatment with each of the 4 active drugs (dashed line) compared with the mean of the placebo run-in/run-out phases (solid 
line). Results are expressed as mean systolic BP averaged across hourly time periods (according to real time). Levels of signifi- 
cance for the difference in BP between drug and placebo at each time period were calculated using a paired t test with Bonfer- 
onni's correction for multiple comparisons.2° These are shown for each time period below the dashed line as follows: *p «0.05; 


**p «0.01; ***p <0.001. 
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domized into the study, 20 completed all 4 active treat- 
ment phases. Of the remaining 4 subjects, 3 withdrew 
after 18, 19 and 32 weeks. The first withdrew after de- 
veloping a small intracerebral hemorrhage secondary to 
a ruptured posterior carotid artery aneurysm while re- 
ceiving placebo. The second withdrew during treatment 
with placebo for personal reasons unrelated to adverse 
effects, and the third because of developing depression, 
nausea and diarrhea while taking atenolol. The fourth 
had the atenolol treatment phase terminated after 6 
days because of developing sudden episodes of breath- 
lessness and extreme weakness; however, she completed 
all the remaining phases of the trial. Subjects are only 
included in the efficacy analysis for completed treat- 
ment phases. Of those recruited, all 24 completed the 
enalapril treatment phase, 23 completed both the hy- 
drochlorothiazide and isradipine phases and 20 the 
atenolol treatment phase. Characteristics of the partici- 
pants at baseline are listed in Table I. 

Goal blood pressure response: Goal BP was 
achieved in 38% of subjects receiving enalapril com- 
pared with 35% taking hydrochlorothiazide and 30% 
taking atenolol and isradipine (see Table IT). With enal- 
april 67% of the subjects reaching goal BP achieved this 
with the lower (10 mg/day) dose. This compares with 
50, 50 and 43% for the lower doses of hydrochlorothia- 
zide, atenolol and isradipine, respectively. 


Hydrochlorothiazide 


Blood Pressure (mmHg) 
0 
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8 9 10 11 12 13 14 15 16 17 18 19202122230 1 23 4 5 6 7 
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—— Placebo  -*- Hydrochlorothiazide 


Atenolol 


Blood Pressure (mmHg) 
90 





80 
8 9 10 11 12 13 14 15 16 17 18 19202122230 12 34 56 7 
Timeband (hours) 


—— Placebo *7*- Atenolol 


FIGURE 2. Comparison of the 24-hour noninvasive 


Duration of blood pressure lowering effect: The 24 
hour ambulatory BP during profiles obtained at the enc 
of the placebo and 4 treatment periods are shown it 
Figures 1 and 2. They indicate that mean ambulator 
BP averaged across 2-hour time periods (according t 
real time) throughout the day and night. The measure 
ment of casual BP and the subsequent commencemen 
of ambulatory monitoring took place between 2 and : 
hours after drug administration. 

Hydrochlorothiazide and enalapril reduced systoli 
and diastolic components of the ambulatory BP profil 
below placebo levels throughout the 24-hour period o 
monitoring, although their hypotensive action was re 
duced after midnight. Atenolol reduced both systoli: 
and diastolic BP during the daytime, but little hypoten 
sive effect was evident through the night. Isradipine re 
duced systolic BP for 3 to 4 hours after each dose but it 
hypotensive effect was reduced toward the end of th 
dosing interval, particularly toward the end of the day 
time dosage interval. 

Relative effect on systolic and diastolic pressures 
All 4 drugs significantly reduced both casual supine anc 
standing BP as well as ambulatory BP compared witl 
placebo periods (Table IIT). The ratio of the reductior 
of systolic to diastolic ambulatory BP was determine 
for each subject and each treatment method. These in 
dexes were compared using analysis of variance to de 


Enalapril 


bs Blood Pressure (mmHg) 
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—— Placebo -*-- Enalapril 


Isradipine 


Blood Pressure (mmHg) 
90 





50 
8 9 10 11 12 13 14 15 16 17 18 19202122230 12 34 856 7 
Timeband (hours) 


— Placebo --*- lsradipine 


diastolic blood pressure (BP) profile obtained after 6 weeks 


ambulatory 
treatment with each of the 4 active drugs (dashed line) compared with the mean of the placebo run-in/run-out phases (solid 
line). Results are expressed as mean diastolic BP averaged across hourly time periods (according to real time). Levels of signifi- 
cance for the difference in BP between drug and placebo at each time period were calculated using a paired f test with Bonfer- 
onni's correction for multiple comparisons.?? These are shown for each time period below the dashed line as follows: *p «0.05; 


**p «0.01; ***p <0.001. 
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TABLE lil Comparison of Blood Pressure Changes 


Supine 


HCTZ 
Placebo 
Active 

Enalapril 
Placebo 
Active 

Atenolol 
Placebo 
Active 

Isradipine 
Placebo 
Active 


Systolic BP 


175 5.25 
157 35 25 


175 + 30 
161 + 29 


172 + 28 
161 + 27 


179 + 27 
159 + 22 


Whole Day 


Systolic BP 


Diastolic BP 


Standing 


Diastolic BP Systolic BP Diastolic BP 


175 $25 
151 + 24 


174 + 28 
152 + 24 


170 + 28 
158 + 25 


171 € 31 
157 + 22 


Daytime Nighttime 


Systolic BP Diastolic BP Systolic BP Diastolic BP 


Ambulatory Blood Pressure 


Placebo 
HCTZ 

% reduction 
Enalapril 

% reduction 
Atenolol 

% reduction 
Isradipine 

% reduction 


156 + 27 
145 + 25 
97 * T1795 
144 + 26 
RERNI 
147 + 25 
9.8+ 17.4 
148 + 26 
7.9 x 17.6* 


76 * 17 
69 + 15 
12.6 + 22.11 
70 * 17 
13.4 + 25.0T 
69+15 
16.1 + 24.6* 
72%.15 
8.5 + 19.5*11 


146 + 27 
135 + 24 
10.6 + 19.1 
133 + 25 
14.2 + 23.4*t 
142 + 24 
6.8 +,17.7* 
139 + 27 

8.7 + 19.6t 


63 + 25 
151 + 24 
9.0 + 16.4 
151 + 24 
10.8 + 19.4 
150 + 25 
11:858 be 
155 + 24 
7.3 + 16.0% 


80 + 16 
73+14 
12.4 + 21.41 
74+ 15 
12.8 + 24.31 
Fist 15 
18.8 + 24.2*11 
76 € 15 
9.1 + 19.0* 


69 + 16 
63+ 14 
12.9 + 23.1 
64 +17 
14.3 + 26.0* 
66 + 15 
11.9 + 24.6 
66 + 15 
7.7 w 20.2* 


Significant interdrug differences (p « 0.05) are shown by *, t or 1. All other differences were nonsignificant. 
For casual blood pressure (BP) measurements, the placebo refers to the BP recorded at the end of the placebo period immediately preceding the particular active treatment period. 


For ambulatory BP measurements, placebo refers to the mean of the placebo run-in and run-out phases. 
All drugs reduced both (casual and ambulatory) systolic and diastolic BP significantly relative to placebo (p < 0.001). 
% reduction = reduction in BP achieved with a treatment expressed as a percentage of baseline (placebo) BP; other abbreviations as in Table ll. 


termine whether any agent had a relatively greater ef- 
fect on systolic BP. 

All of the drugs studied reduced systolic BP more 
than diastolic pressure. When the relative effects on the 
2 components were expressed as an index (systolic pres- 
sure decrease divided by diastolic pressure decrease) en- 
alapril (index 2.0) and isradipine (index 2.0) were 
shown to have the largest relative effect on systolic pres- 
sure, followed by hydrochlorothizaide (index 1.7) and 
atenolol (index 1.4). A similar pattern was seen when 
the day- and nighttime pressures were considered sepa- 
rately. 

Biochemistry: Hydrochlorothiazide produced a 0.3 
+ 0.5 mmol decrease in potassium (p <0.01), a 1.7 + 
3.0 mmol decrease in sodium (p <0.001) and a 0.5 + 
1.4 mmol increase in blood glucose (p «0.05). Atenolol 
reduced serum cholesterol by 0.2 + 0.5 U (p <0.05), 
whereas isradipine had no significant effect on any of 
the laboratory parameters examined. No other clinically 
significant effects on biochemical parameters were ob- 
served. 

Adverse effects: Adverse effects reported by »1 
subject are summarized in Table IV. The percentage of 
patients reporting at least 1 symptom during treatment 
with atenolol was 55%, and 54, 52 and 48% with enala- 
pril, hydrochlorothiazide and isradipine, respectively. 
Dizziness and fatigue were reported with each drug but 








were reported most often with isradipine. Cough was 
reported by 5 subjects while receiving treatment with 
enalapril, which was significantly greater than during 
therapy with placebo (p <0.05). Swollen feet and ankles 
was reported by 2 of the subjects during isradipine 


TABLE IV Adverse Effects 


HCTZ Enalapril Atenolol  Isradipine 


No. of subjects treated 23 24 
No. of subjects reporting 12 13 
any adverse effect 

Percentage reporting 

Cough 

Nausea 

Tiredness 

Dizziness 

Diarrhea 

Swollen feet/ankles 

Headaches 

Breathlessness 

Depression 

Cramps 


Overall tolerabilityt 


Only adverse effects occurring > 1 patient are recorded here. 
*Includes adverse effects reported by subjects who withdrew during this treatment 


phase. 
fTolerability was assessed subjectively by participants at the end of each active 
treatment phase. Scoring system: 1, very good; 2, good; 3, moderate; 4, poor; 5, very 
poor. 
£Onl 


in 
HCT? = hydrochlorothiazide. 


cludes subjects who completed this treatment phase. 
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treatment. Comparison with adverse effects reported 
during placebo is not valid with the study design used 
because the placebo periods were not subject to a ran- 
dom allocation. 

In addition to the 2 subjects previously described 
who were unable to complete the atenolol treatment 
phase because of adverse effects, 1 other subject experi- 
enced severe breathlessness, necessitating a reduction in 
the length of the atenolol treatment phase from 6 to 4 
weeks. 


DISCUSSION 

In this study ambulatory BP monitoring has been 
used to compare 4 potential first-line agents for their 
suitability in treating isolated systolic systemic hyper- 
tension. The latin square design allowed a comparison 
of the relative effects of these drugs in reducing both 
systolic and diastolic BP. It also enabled their hypoten- 
sive effects to be compared during a 24-hour dosing cy- 
cle and provided a limited comparison of their adverse 
effects. 

From the results of a previous study of BP variabili- 
ty, in elderly patients with isolated systolic hyperten- 
sion,’ it was estimated that the present study had a suf- 
ficient statistical power to detect a 10 mm Hg differ- 
ence between active drug and placebo in reducing clinic 
systolic BP (type I error 0.05, 2-sided, power 0.9) in- 
cluding an allowance for 6 dropouts. 

Comparison of the ambulatory BP profiles showed 
that hydrochlorothiazide and enalapril produced a con- 
sistent reduction in systolic and diastolic BP during the 
day- and nighttime recording periods. Atenolol reduced 
both components of BP during the daytime but showed 
little activity during the nighttime. Isradipine, which 
was the only agent administered twice daily, produced a 
generally lesser degree of BP reduction, which was not 
sustained toward the end of the dosing interval. 

The results suggest that angiotensin-converting en- 
zyme inhibitors may provide a useful alternative to diu- 
retic drugs in patients with isolated systolic hyperten- 
sion. These drugs reduce BP by reducing peripheral re- 
sistance without affecting cardiac output or pulse rate 
and are relatively free of the adverse metabolic effects 
of diuretic drugs.^^ In this study, enalapril was shown 
to produce a reduction in systolic and diastolic BP 
throughout a 24-hour dosing interval. The data support 
the findings of other studies that have demonstrated 
similar efficacy of angiotensin-converting enzyme inhib- 
itors and diuretic drugs in the treatment of elderly pa- 
tients with diastolic hypertension.°® 

The relative effect of atenolol on systolic BP was less 
than with the other 3 agents. In addition, this drug pro- 
duced little reduction of BP overnight or during the ear- 
ly morning hours when BP increases. Like other £- 
blocking drugs, atenolol reduces cardiac output, accom- 
panied initially by an increased peripheral resistance 
that reverts to normal as therapy continues. The re- 
duced jÓ-receptor responsiveness in older patients,?.!0 
and the fact that elderly hypertensive patients generally 
have a low cardiac output,!! provide theoretical reasons 
why these agents might perform less adequately in this 


age group.* 


Isradipine, like atenolol, was found to have less of | 
sustained effect on BP than hydrochlorothiazide or en 
alapril. However, the dose range used in this study wa 
limited because of the need to start isradipine treatmen 
at a relatively low dose of 1.25 mg in elderly patient: 
Normally the dose would have been titrated upwar 
based on the trough BP response. Practical constraint 
of the study allowed only 1 upward-dose titration ste 
(to 2.5 mg twice daily). Titration to a higher dose migh 
have provided a longer duration of action. 

Isradipine is a dihdropyridine that acts predominant 
ly by peripheral vasodilation.!? Other agents of its clas 
have been shown to be well-tolerated in elderly subject 
and to be relatively free of metabolic side effects.!? Th 
drug had a relatively greater effect on systolic BP and i 
is possible that the sustained release formulation of th 
drug, which is currently undergoing clinical trial: 
would extend its duration of action to match that of th 
other agents.!^ 

In addition to ambulatory pressures, casual lyin; 
and standing BPs were also measured as an index o 
treatment response. Measurements were generally ob 
tained 3 to 4 hours after drug administration and ar 
therefore likely to represent the peak rather than th 
average drug effect. Under these circumstances isradi 
pine showed hypotensive efficacy similar to the other . 
agents. The apparent discrepancy between the effect o 
isradipine on casual BP measurements and those ob 
tained with ambulatory monitoring over a 24-hour peri 
od reflects its short duration of action in the formulatioi 
and dosage level used. It highlights the value of includ 
ing ambulatory BP monitoring in clinical trials evaluat 
ing the efficacy of different drug regimens. 

Adverse effects reported during the study were con 
sistent with the known side effects of each particula 
class of drug. Cough, for example, was reported mos 
frequently during treatment with enalapril, wherea 
breathlessness was noted most often during atenolo 
treatment, and swollen ankles was reported most oftei 
during isradipine treatment. 

A. wide variety of agents are now available for th: 
treatment of elderly patients with isolated systolic hy 
pertension. Single drug therapy may have advantages ii 
this age group to reduce the risks associated with multi 
drug therapy.? Results of this study suggest the valu 
of further comparative trials, with a longer duration o 
therapy, and the potential for titration to higher doses i 
necessary before considering the use of combined thera 
pies. 
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Systemic Hypertension Associated with 
Tricyclic Antidepressant Treatment in 
Patients with Panic Disorder 


Alan K. Louie, MD, Eric K. Louie, MD, and Richard A. Lannon, MD 


In a sample of 114 patients, 6 patients developed 
hypertension while taking tricyclic antidepres- 
sants. All these patients were diagnosed as having 
panic disorder, with or without major depression. 
Half of the 6 patients had a previous diagnosis of 
hypertension, which had been well controlled by 
antihypertensive drugs for years. A comparison 
group of patients with major depression, who had 
never had panic attacks, had no cases of hyperten- 
sion induced by these antidepressants. These find- 
ings raise the possibility that patients who have 
panic disorder may experience cardiovascular dis- 
regulation that increases their risk for antidepres- 
sant-induced hypertension. 

(Am J Cardiol 1992;70:1306-1309) 
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atients with panic disorder are more frequently 

found to be hypertensive and this may relate to a 

general disregulation of the cardiovascular sys- 
tem.!-^ These patients achieve higher heart rates at sub- 
maximal treadmill work loads and experience larger or- 
thostatic fluctuations in blood pressure and pulse.? This 
disregulation may occur at a central nervous system lev- 
el, since the locus ceruleus, which mediates blood pres- 
sure and autonomic reactivity, has been hypothesized to 
be hyperactive® in patients with panic disorder. Accord- 
ingly, it might be anticipated that patients with panic 
attacks may have abnormal cardiovascular reactions to 
a variety of pharmacologic agents. Patients with panic 
disorder react to low doses of tricyclic antidepressants 
with signs of sympathetic arousal more often than de- 
pressed patients.’ They also have increased diastolic 
blood pressure after imipramine therapy,* which con- 
trasts with patients with depression who generally have 
orthostatic hypotension or no blood pressure changes 
while taking tricyclic antidepressants.?'? In this report, 
we describe the blood pressure responses of 114 patients 
with panic disorder or major depression, or both, during 
treatment with tricyclic antidepressants. 


METHODS 

Patients were diagnosed by a psychiatrist according 
to criteria set forth in the Diagnostic and Statistical 
Manual of Mental Disorders!! and were classified ac- 
cording to the following diagnoses: panic disorder, panic 
disorder and major depression, or major depression. Pa- 
tients with these diagnoses were drawn consecutively 
from a predominantly caucasian (99%), middle-class, 
outpatient population. In general, patients were referred 
by primary care physicians and nonpsychiatric mental 
health practitioners and were not treatment refractory. 
Those with other major psychiatric diagnoses, including 
drug and alcohol abuse or dependence, were excluded as 
were patients with significant medical illness other than 
controlled hypertension. Screening laboratory examina- 
tion was obtained including hematology, chemistry, thy- 
roid functions, urinalysis and electrocardiogram. When 
clinically indicated, 24-hour urine catecholamine me- 
tabolites were measured to rule out pheochromocytoma. 
Baseline blood pressure and pulse were obtained by av- 
eraging measurements taken on 2 separate days before 
initiating antidepressant medications. Determinations 
were always performed by a physician on the right arm 
after the patient had been seated quietly for 25 minutes 
in accordance with American Heart Association guide- 
lines. Patients came for follow-up visits, every 2 to 4 
weeks as clinically indicated, at which time blood pres- 
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sure and pulse were similarly measured. Hypertension 
was defined as systolic blood pressure >150 mm Hg 
and diastolic pressure >95 mm Hg and borderline hy- 
pertension as <150/95 mm Hg but 2140/90 mm Hg. 
The tricyclic antidepressants used were imipramine, de- 
sipramine and nortriptyline. 


RESULTS 

In our study population of 114 patients, 6 were not- 
ed to become hypertensive in association with the initia- 
tion of tricyclic antidepressant treatment (Table I). The 
study population can be broken down into the diagnos- 
tic groups of panic disorder, panic disorder and major 
depression, and major depression (Table II). These 
groups were not significantly different in terms of age, 
sex, or baseline blood pressure or pulse rate. They did 
differ with regard to the incidence of tricyclic antide- 
pressant-induced hypertension (chi-square = 11.63, de- 
grees of freedom [df] = 2, p = 0.003), which was ob- 
served in 3 patients with panic disorder, 3 with panic 
disorder and major depression, and none with major de- 
pression alone. Comparison of the 2 diagnostic groups 
revealed significant differences in the incidence of tricy- 
clic antidepressant-induced hypertension when analyz- 
ing panic disorder versus depression alone (chi-square = 
8.73, df = 1, p = 0.003) and panic disorder and major 
depression versus depression alone (chi-square = 4.82, 
df = 1, p = 0.028), but not when analyzing panic disor- 
der versus panic disorder and major depression (chi- 
square = 0.059, df = 1, p = 0.808). There were 43 pa- 
tients having panic disorder with or without depression, 
6 of whom developed tricyclic antidepressant-induced 
hypertension. In contrast, this hypertensive reaction oc- 
curred in none of 71 patients with depression alone, who 
had never had a panic attack, and this difference was 
statistically significant (chi-square = 7.85, df = 1, p = 
0.005). 

In the 6 patients listed in Table I, tricyclic antide- 
pressants clearly increased blood pressure. The first ele- 
vation was noted a median of 17.5 days after initiation 
of therapy. In patients D and E, angiotensin-converting 
enzyme inhibitors and calcium antagonists, respectively, 
were added to decrease blood pressure elevations, but 
the best control was achieved by discontinuing the tricy- 
clic antidepressant. When the tricyclic antidepressant 
was discontinued, blood pressure did not necessarily de- 
crease immediately and in some patients it declined over 
a few weeks. In all patients, psychiatric symptoms re- 
sponded to tricyclic antidepressant treatment, but their 
therapy was subsequently replaced with other antide- 
pressant drugs because of the development of hyperten- 
sion. Therapy with each new drug was begun only after 
blood pressure had returned to baseline following prior 
drug withdrawal. Changes between tricyclic antidepres- 
sants did not eliminate hypertension, but blood pres- 
sures with imipramine or desipramine were greater than 
those observed with nortriptyline in 4 of 5 patients. 
Fluoxetine was subsequently administered to patients A, 
D and E, and it only clearly increased blood pressure in 
patient E. 

Hypertension associated with tricyclic antidepres- 
sant treatment occurred significantly more often in pa- 

















TABLE I Patients with Hypertension Associated with 
Antidepressant Medication 


Systolic/ Diastolic 
Blood Pressure 
(mm Hg) 






Pulse 
(beats/min) 


Antidepressant 
(mg/day) 


Age (yr) 
Pt. & Sex 


140/95 
150/98 88 
160/108 76 
140/96 





Nortriptyline 150 
Desipramine 100 
Fluoxetine 20 





Bt 44F 1 110/80 64 
Imipramine 150 147/102 80 

Desipramine 150 150/120 80 

Nortriptyline 75 140/93 80 

1 125/84 64 

Ct§ 40M 1 132/85 64 
Nortriptyline 100 146/96 72 

Imipramine 125 150/110 80 

Desipramine 125 160/108 80 

1 130/87 60 


D*t| 38F 1 140/95 88 
Desipramine 150 184/115 89 
Nortriptyline 75 162/89 112 


Fluoxetine 20 141/90 











E*1$ 35M 1 110/80 80 
Desipramine 100 140/100 92 

Nortriptyline 100 150/105 96 

Fluoxetine 20 155/100 80 

4 110/75 80 


Ft 30M 1 115/80 68 
Nortriptyline 100 140/90 96 

1 110/75 60 

Nortriptyline 75 156/99 88 

1 112/78 64 











*Panic disorder with agoraphobia. 
tPanic disorder without agoraphobia. 
Major depression. 
§Antihypertensive medications started previously and taken concurrently. 
pn medication started after desipramine discontinued. 

No tricyclic antidepressant or fluoxetine. 





TABLE Il Comparison of Patients by Diagnosis 


Panic Disorder 
and Depression Depression 


Panic 
Disorder 


No. of pts. 

Age (years)* 

Sex (% men)t 

Baseline systolic blood 
pressure (mm Hg)* 

Baseline diastolic blood 
pressure (mm Hg)* 

Baseline pulse (beats/min)* 


118+ 14 117 +11 122 + 18 


78+8 79+6 81+ 10 


78+9 74+ 10 80 + 10 


*Mean + standard deviation, analysis of variance not significant. 
7 


tChi-square = 3.60, degrees of freedom = 2, p = 0.17. 





tients with a previous diagnosis of hypertension (3 of 
12) than in patients without this diagnosis (3 of 102) 
(chi-square = 6.52, df = 1, p= 0.01). A previous diag- 
nosis of hypertension tended to occur more often in pa- 
tients with a history of panic disorder (9 of 43) than in 
patients with depression alone (3 of 71) (chi-square = 
6.26, df = 1, p= 0.01). Of the patients in Table I, pa- 
tients A, C and E had previously diagnosed hyperten- 
sion, which had been controlled over 11, 7 and 4 years, 
respectively. These patients were taking diuretics (pa- 
tient A), 8 blockers (patients A and C) or prazosin (pa- 
tient E). Baseline blood pressure, which had been stable 
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for years, increased when the antidepressants were add- 
ed, and returned to baseline after they were discontin- 
ued. Patient D presented with borderline hypertension, 
which had been stable for 5 years without antihyperten- 
sive medications and patients B and F were normoten- 
sive. 


DISCUSSION 

The cardiovascular effects of tricyclic antidepres- 
sants have been carefully studied in large numbers of 
patients,?!? but an association between hypertension 
and these agents has rarely been noted!°; clear descrip- 
tions of such reactions are limited to 5 case reports.!2-!4 
These patients all had borderline hypertension, and de- 
veloped hypertension within 1 to 3 weeks of taking daily 
amitriptyline 50 mg, imipramine 150 mg or chlorimi- 
pramine 50 or 100 mg. They all had depression, but 
whether or not they had panic attacks was not reported. 
Two other reports noted hypertension when tricyclic 
antidepressants were co-administered with general anes- 
thesia'? and 1-dopa/carbidopa,!6 respectively. Our data 
suggest that antidepressant-induced hypertension may 
be more common than these few case reports would in- 
dicate. All 6 patients described in this report had experi- 
enced panic attacks, which suggests that such attacks 
predispose patients to tricyclic antidepressant-induced 
hypertension. Previous cardiovascular studies of these 
drugs may not have revealed this association because 
they evaiuated patients with major depression who did 
not have panic attacks. Now that these drugs are widely 
used as a treatment for panic disorder, their ability to 
induce hypertension may become apparent. 

Of the 6 patients described, 3 received treatment for 
hypertension when they received antidepressants. The 
hypertensive episodes might have been coincidental but 
this seems unlikely because medical records indicated 
that hypertension had been well controlled for years. 
Blood pressure became elevated after addition of the 
tricyclic antidepressant despite continuation of the anti- 
hypertensive agents and later normalized after the anti- 
depressant was discontinued. The antidepressant medi- 
cation might have counteracted the antihypertensive 
regimen on kinetic or dynamic bases and thus un- 
masked the underlying hypertension, but this has not 
been reported to date with the agents used. Instead, the 
antidepressant probably directly elevated blood pres- 
sure, overriding previously effective antihypertensive 
therapy. The high percentage of our cases having preex- 
isting hypertension raised the question of whether the 
prevalence of systemic hypertension is increased among 
patients with panic disorder. Previous studies leave this 
issue unresolved. Although Katon? reported a 1596 prev- 
alence of hypertension in 46 patients with panic disorder 
(significantly >9% prevalence in controls) and Noyes et 
al? reported a 1796 prevalence of hypertension in 112 
patients with anxiety neurosis (>7% prevalence in con- 
trol subjects), Dunner! was unable to identify increased 
blood pressure in panic disorder, or atypical panic disor- 
der, relative to control subjects. Potential sources for 
these apparently discrepant results in patients with pan- 
ic disorder include: (1) episodic or labile hypertension, !8 
(2) heterogeneity of vascular reactivity and neurohor- 


monal control of blood pressure, and (3) a latent ter 
dency for disregulation of systemic blood pressur 
which may be unmasked by pharmacologic challeng 
Labile hypertensive responses are unlikely to explain th 
results in the current study, which monitored bloo 
pressures prospectively and longitudinally and demor 
strated persistent and reproducible hypertension. Poter 
tial heterogeneity of hypertensive responses among pe 
tients with panic disorder is illustrated by our data. Th 
average systemic blood pressure at the beginning of th 
study for all 43 patients with panic disorder was norme 
and not different from the average for the 71 patient 
without a history of panic attacks. Within the 43 pe 
tients, however, there were 6 patients (14%) who be 
came hypertensive after treatment with tricyclic antide 
pressants. 

Panic disorder may result from an increase in th 
firing rate of the noradrenergic brain stem nucleus, th 
locus ceruleus; drugs that block panic attacks appear t 
decrease its firing rate. Some patients with panic disor 
der have abnormal blood pressure responses to cloni 
dine, which perhaps reflects heterogeneity in the nor 
adrenergic control of blood pressure in these patients. 
One form of hypertension, which is associated with so 
matic symptoms and anxiety, has been characterized a 
the "hyperdynamic beta-adrenergic circulatory" state 
These patients may have a net increase in brain sten 
adrenergic output to the heart that results in supranor 
mal resting cardiac output and hypertension.!? Assum 
ing a preexisting level of noradrenergic hyperactivity ii 
patients with panic disorder, the addition of an antide 
pressant could precipitate a hypertensive state in sucl 
patients. Usually, the cardiovascular system is able t 
compensate for perturbations caused by tricyclic antide 
pressants. For instance, anticholinergic properties o 
these agents cause a modest increase in heart rate, bu 
blood pressure is not affected.? In patients B, C, E am 
F, however, the pulse rate and blood pressure increase 
together after starting a therapy. A preexisting increas: 
in adrenergic tone may prevent adjustments, like a de 
crease in cardiac contractility, necessary to normaliz 
the blood pressure. This mechanism seems less plausibl 
in cases in which hypertension developed several week: 
after starting the antidepressant. 

This study demonstrates the need to monitor blooc 
pressure in patients with panic disorder receiving tricy: 
clic antidepressants. Fluoxetine, a selective serotonir 
reuptake inhibitor appears less prone to inducing hyper: 
tension than tricyclic antidepressants. Should tricyclic 
antidepressant-induced hypertension develop during 
therapy for panic disorder, it may be circumvented by 
switching to fluoxetine or a high potency benzodiaze 
pine. 


REFERENCES 

1. Weissman MM, Markowitz JS, Ouellette R, Greenwald S, Kahn JP. Pani 
disorder and cardiovascular /cerebrovascular problems: results from a communit 
survey. Am J Psychiatry 1990;147:1504-1508. 

2. Katon W. Panic disorder and somatization. Am J Med 1984;77:101-106. 
3. Noyes R Jr, Clancy J, Hoenk PR, Slymen DJ. The prognosis of anxiety 
neurosis. Arch Gen Psychiatry 1980;37:173-178. 

4. Charney DS, Heninger GR. Abnormal regulation of noradrenergic function ir 


1308 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 70 NOVEMBER 15, 1992 





panic disorder. Arch Gen Psychiatry 1986;43:1042-1054. 

5. Taylor CB, King R, Ehlers A, Margraf J, Clark D, Hayward C, Roth WT, 
Agras WS. Treadmill exercise test and ambulatory measures in panic attacks. Am 
J Cardiol 1987;60:48J-52J. 

6. Gorman JM, Liebowitz MR, Fyer AJ, Stein J. A neuronatomical hypothesis 
for panic disorder. Am J Psychiatry 1989;146:148-161. 

7. Pohl R, Yeragani VK, Balon R, Lycaki H. The jitteriness syndrome in panic 
disorder patients treated with antidepressants. J Clin Psychiatry 1988;49: 
100-104. 

8. Taylor CB, Hayward C, King R, Ehlers A, Margraf J, Maddock R, Clark D, 
Roth W, Agras WS. Cardiovascular and symptomatic reduction effects of alpra- 
zolam and imipramine in patients with panic disorder: results of a double blind 
placebo-controlled trial. J Clin Psychopharmacol 1990;10:112-118. 

9. Glassman AH, Bigger JT. Cardiovascular effects of therapeutic doses of 
tricyclic antidepressants. Arch Gen Psychiatry 1981;38:815-820. 

10. Jefferson JW. A review of the cardiovascular effects and toxicity of tricyclic 
antidepressants. Psychosomatic Med 1975;37:160-179. 


11. American Psychiatric Association. Diagnostic and Statistical Manual of 
Mental Disorders. 3rd ed. Washington, D.C., American Psychiatric Association, 
1987. 

12. Hessov I. Hypertension during chlorimipramine therapy. Br Med J 1971;1: 
406. 

13. Dunn FG. Malignant hypertension associated with use of amitriptyline hy- 
drochloride. South Med J 1982;75:1124-1125. 

14. Hessov I. Hypertension during imipramine treatment. Lancet 1970;1:84-85. 
15. Farman JV. Desipramine and hypertensive episodes. Lancet 1966;2:436-437. 
16. Rampton DS. Hypertensive crisis in a patient given sinemet, metoclopramide 
and amitriptyline. Br Med J 1977;2:607-608. 

17. Dunner DL. Anxiety and panic: relationship to depression and cardiac disor- 
ders. Psychosmatics 1985;26 (suppl 11):18-21. 

18. White WB, Baker LH. Episodic hypertension secondary to panic disorder 
Arch Intern Med 1986;146:1129-1130. 

19. Frohlich ED. Left ventricular hypertrophy, cardiac disease and hypertension 
recent experiences. J Am Coll Cardiol 1989;14:1587-1594. 


TRICYCLIC ANTIDEPRESSANT-INDUCED HYPERTENSION 130! 








Persistent Hemodynamic Improvement with 
Short-Term Nitrate Therapy in Patients with 
Chronic Congestive Heart Failure Already 
Treated with Captopril 
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To evaluate the therapeutic potential of organic ni- 


trates in patients with chronic congestive heart 
(CHF) failure already treated with angiotensin- 
converting enzyme (ACE) inhibitors, the temporal 
hemodynamic effects of oral isosorbide dinitrate, 
40 to 120 mg administered every 6 hours to 11 
nitrate responders who had been treated with cap- 
topril 89 + 32 mg/day, were studied. The adminis- 
tration of isosorbide dinitrate resulted in a signifi- 
cant decline in mean right atrial pressure, from 13 
+ 6 mm Hg at baseline (mean value of measure- 
ments performed every 2 hours for 24 hours with 
captopril therapy) to 9 + 4 mm Hg at 1 hour with 
persistent effect for most of the study period. 
Mean pulmonary artery pressure decreased from 
38 + 7 mm Hg at baseline to 29 + 9 mm Hg at 1 
hour, with effect persisting for 24 hours. Mean 
pulmonary artery wedge pressure also decreased 
from 24 + 6 to 15 + 7 mm Hg at 1 hour and re- 
mained significantly reduced for 20 hours. Sys- 
temic blood pressure demonstrated a transient de- 
crease lasting 2 hours after initiation of therapy 
which was asymptomatic in all patients. The re- 
sults of this study demonstrate a preserved vaso- 
dilatory effect of organic nitrates in patients al- 
ready treated with ACE inhibitors. Nitrates medi- 
ated improvement in right and left ventricular 
filling pressures, and reduction of pulmonary hy- 
pertension demonstrates a rationale for the use of 
these therapeutic methods in combination and 
suggest the need for long-term evaluation of the 
effect of nitrate therapy in patients with chronic 
CHF already treated with ACE inhibitors. 

(Am J Cardiol 1992;70:1310-1314) 
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have become standard therapy for chronic con 

gestive heart failure (CHF). These drugs im 
prove hemodynamic profile! and exercise tolerance? anc 
reduce the incidence of morbidity and mortality in pa 
tients with CHF due to left ventricular systolic dysfunc 
tion.^^ However, despite proven efficacy, response t 
ACE inhibitors has been limited. Improvement of func 
tional capacity and exercise time is only small^6 anc 
mortality, although reduced, continues to be high.?-: 
Nitrate therapy, probably by virtue of its direct vasodi: 
latory effect, has also been reported to improve exercise 
tolerance,” and when used in combination with hydral. 
azine to prolong survival in patients with CHF.? For al 
these reasons, a combination of ACE inhibition and or: 
ganic nitrates seems logical and is often used in clinica 
practice.^ The clinical benefit of this combination thera- 
py, however, has not been evaluated in patients witl 
CHF. The purpose of the present study was to asses: 
the hemodynamic effects of isosorbide dinitrate in pa- 
tients with CHF already treated with ACE inhibition ir 
order to establish a rationale for the use of this dru; 
combination in the treatment of chronic CHF. 


A ngiotensin-converting enzyme (ACE) inhibitor 


METHODS 

Patients: We studied 14 patients (10 men and 1 
woman aged 43 to 68 years [mean 56 + 7]) with severe 
chronic CHF due to left ventricular systolic dysfunctior 
who were admitted to the hospital for worsening ol 
symptoms. Three patients were excluded from the study 
because of lack of response to isosorbide dinitrate (n = 
2) and gastrointestinal bleeding (n = 1). Therefore, 11 
patients responded to isosorbide dinitrate therapy and 
completed the study. The etiology of CHF was dilated 
cardiomyopathy in 9 patients and coronary artery dis- 
ease in 2. Six patients with dilated cardiomyopathy had 
a history of excessive chronic alcohol intake. No patient 
had primary valvular disease or clinical evidence of ac- 
tive myocardial ischemia at the time of the study. All 
patients were in New York Heart Association function- 
al class III or IV on admission, and were in a stable 
clinical condition on enrollment in the study. The diag- 
nosis of left ventricular systolic dysfunction was con- 
firmed by radionuclide ventriculography in 10 patients 
whose left ventricular ejection fraction ranged from 18 
to 34% (mean 26 + 6) and by echocardiography in 1 
patient. 

Study protocol: Right-sided cardiac catheterization 
was performed 216 hours before the initiation of the 
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study to allow for previously reported spontaneous he- 
modynamic changes after the procedure.!? Organic ni- 
trates and other long-acting vasodilators, except capto- 
pril, were withheld 724 hours before the initiation of 
the study. All patients received captopril therapy 272 
hours before onset of the study and continued therapy 
with the same dose throughout the study duration. Cap- 
topril dose ranged from 50 to 150 mg/day (mean 89 + 
32) and was given in divided doses every 8 hours (10 
patients) or every 6 hours (1 patient). Pre-study doses of 
digitalis and diuretic therapy were continued unchanged 
throughout the study period. 

Baseline hemodynamic values with captopril therapy 
were determined every 2 hours for 24 hours. Oral iso- 
sorbide dinitrate, 40 mg, was given and followed by 
hourly hemodynamic measurements for 6 hours. Hemo- 
dynamic response was defined as a 220% decrease in 
mean pulmonary artery wedge pressure sustained for 
7] hour (2 consecutive measurements)!! and was based 
on a previously reported coefficient of variation of 17% 
in serial pulmonary artery wedge pressure measure- 
ments over 24 hours during placebo administration in a 
similar group of patients CHF.!? Responders (10 pa- 
tients) to 40 mg of isosorbide dinitrate continued taking 
the same dose every 6 hours; repeat hemodynamic mea- 
surements were performed every 2 hours for 24 hours. 
In nonresponders (3 patients), a washout period of 2-24 
hours was allowed and 120 mg was then given following 
an identical protocol. One of the patients responded to 
120 mg and 2 did not. The latter 2 patients were ex- 
cluded from the study. 


Hemodynamic measurements and computations: 
Mean right atrial, pulmonary arterial and pulmonary 
artery wedge pressures were measured with the aid of a 
balloon-tipped, triple-lumen, Swan-Ganz catheter. All 
pressures were recorded on an Electronics for Medicine 
AR6 recorder and mean pressures were measured with 
the use of electronic integration. Heart rate was de- 
termined by electrocardiographic recording, systemic 
blood pressure by the standard cuff method, and cardi- 
ac output was measured by thermodilution.'? Mean ar- 
terial blood pressure, cardiac index, stroke volume in- 
dex, systemic vascular resistance and pulmonary vascu- 
lar resistance were calculated using standard formulas. 

Data analysis: One-way analysis of variance for re- 
peated measurements and the Newman-Keuls test were 
used to evaluate the temporal hemodynamic effects of 
captopril therapy alone and in combination with isosor- 
bide dinitrate. Mean values of all individual hemody- 
namic variables measured every 2 hours for 24 hours 
with captopril alone were used as baseline to evaluate 
the additional effects of isosorbide dinitrate. Analyses 
were performed using the CLINFO system and the 
SAS statistical package on an IBM 370 system. All val- 
ues are expressed as mean + SD. A p value <0.05 was 
considered statistically significant. 


RESULTS 

Baseline hemodynamic parameters during first 24 
hours with captopril alone: Heart rate, mean blood 
pressure, cardiac index, systemic vascular resistance and 
pulmonary vascular resistance demonstrated no signifi- 
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FIGURE 1. Values of mean right atrial pressure as measured with captopril (CAP) alone during day 1 and with captopril and 
baseline. Schedule 


isosorbide dinitrate (ISDN) on day 2. Open symbols indicate p <0.05 versus 


days is indicated by arrows. 


of drug administration on both 
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cant changes during captopril therapy alone. Right atri- 
al pressure ranged from 11 to 14 mm Hg and was sig- 
nificantly lower (11 + 5 mm Hg) than baseline value 
(12 + 7 mm Hg) at 2 and 10 hours (p <0.05) only 
(Figure 1). Mean pulmonary artery pressure demon- 
strated similar changes during captopril therapy alone 
(Figure 2), ranging from 35 to 41 mm Hg with a signif- 
icant reduction from baseline (38 + 4 mm Hg) only at 
10 hours (35 + 10 mm Hg). Pulmonary artery wedge 
pressure (Figure 3) ranged from 22 to 27 mm Hg dur- 
ing captopril therapy alone. Values were significantly 
lower than baseline (24 + 6 mm Hg) at 2 and 10 hours 
only (22 + 6 and 22 + 8 mm Hg, respectively, p 
<0.05). 

Hemodynamic effects of isosorbide dinitrate when 
added to captopril therapy: The addition of isosorbide 
dinitrate to captopril therapy resulted in a significant 
decrease in mean right atrial pressure, from 13 + 6 mm 
Hg at baseline to 9 + 4 mm Hg at 1 hour. This pressure 
remained significantly lower than at baseline for 20 
hours (Figure 1) with the exception of measurements 
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obtained at 4 and 6 hours. Mean pulmonary arter 
pressure (Figure 2) was 38 + 7 mm Hg at baseline an 
demonstrated its maximal reduction to 29 + 9 mm H 
at 1 hour (p <0.05). The reduction of this variable pei 
sisted for the entire 24-hour study period. The initiatio 
of isosorbide dinitrate resulted in a significant reductio 
in pulmonary artery wedge pressure (Figure 3), from 2 
i 6 to 15 + 7 mm Hg at 1 hour (p <0.05) and re 
mained significantly lower than at baseline for 20 hou: 
(20 + 8 mm Hg, p <0.05). Mean arterial blood pre: 
sure (Figure 4) was 91 + 16 mm Hg at baseline an 
demonstrated a significant reduction at 1 and 2 how 
after the first dose of isosorbide dinitrate (79 + 12 an 
80 + 11 mm Hg, respectively, p <0.05). No significar 
change in heart rate, cardiac index, or systemic and pu 
monary vascular resistance was noted after the additio 
of isosorbide dinitrate to captopril therapy. 


DISCUSSION 
The results of the present study demonstrate the fz 
vorable hemodynamic effects associated with the ac 
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FIGURE 3. Values of mean pulmonary ar: 
tery wedge pressure as measured with 
captopril 


18 20 22 24 


1312 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 70 NOVEMBER 15, 1992 


ministration of isosorbide dinitrate and indicate preser- 
vation of the vasodilatory capacity of nitrate therapy in 
patients with CHF already treated with an ACE inhibi- 
tor. The addition of isosorbide dinitrate resulted in a 
significant reduction in right and left ventricular filling 
pressures and improvement of pulmonary hypertension. 
Although the long-term implications of these findings 
need further investigation, such hemodynamic changes 
are likely to be beneficial. Increased left ventricular fill- 
ing pressure has been associated with increased mortali- 
ty in patients with chronic CHF.'* In addition, resting 
and exercise dyspnea, the most common symptoms in 
patients with CHF have been shown to be mediated by 
stimulation of mechanoreceptors within the pulmonary 
circulation due to increased pulmonary pressures.!> Fur- 
thermore, right ventricular unloading, seen in the pres- 
ent study, may allow improvement in right ventricular 
systolic function, a parameter that has previously been 
shown to correlate with exercise capacity.!6 

Our findings demonstrate persistence of significant 
reduction in mean pulmonary artery wedge pressure for 
most of the study duration. These results are at variance 
to previous findings by our group demonstrating early 
attenuation of the initial effect of isosorbide dinitrate 
given every 6 hours on this hemodynamic parameter in 
comparable groups of patients with CHF not receiving 
concomitant therapy with ACE inhibitors." There are 
few potential explanations for these contrasting results. 
The first possible cause may be prevention of nitrate 
tolerance by the concomitant use of captopril. Such a 
possibility is supported by previous studies demonstrat- 
ing prevention of tolerance to the vasodilatory effect of 
nitrates with ACE inhibition.'*:!9 Repletion of sulfhy- 
dryl groups by captopril, a sulfhydryl-containing ACE 
inhibitor has been suggested as a potential mechanism 
for tolerance prevention.!?2? However, a similar degree 
of tolerance prevention with both enalapril, a nonsulfhy- 
dryl ACE inhibitor, and captopril recently shown by 
Katz et al!5 do not support this hypothesis. An alterna- 


FIGURE 4. Values of mean sys- 


tive explanation may be related to ACE inhibition-in- 
duced prevention of neurohormonal stimulation and 
plasma volume expansion previously reported during ni- 
trate therapy, which are likely mechanisms for the de- 
velopment of nitrate tolerance.???! However, an anti- 
tolerance effect of captopril is not supported by Dakak 
et al? who showed attenuation of hemodynamic effect 
of intravenous nitroglycerin within several hours after 
initiation of therapy despite concomitant captopril ad- 
ministration. The reason for these discordant findings 
are not clear and may be related to high-dose nitroglyc- 
erin used by Dakak et al.?? The relation between dose of 
organic nitrates and tolerance development has been 
previously demonstrated both in vitro and in vivo ex- 
perimentations.2?-?5 Failure to prevent nitrate tolerance 
could also be related to continuous intravenous adminis- 
tration and thus persistently elevated nitrate plasma 
concentration in the study by Dakak et al,?? in contrast 
to the intermittent administration of oral nitrate in the 
present study. Because of these contrasting reports and 
its important clinical implication, the effect of ACE in- 
hibitors on nitrate tolerance in patients with CHF 
should be further investigated in a larger patient popu- 
lation, listing placebo-controlled, double-blind studies. 

The results of this study are clearly limited to the 
dose of captopril administered (mean 89 + 32 mg/day). 
However, this dose is frequently used in treating heart 
failure in clinical practice, and recent reports have 
demonstrated a significant improvement in intracardiac 
diameters, exercise tolerance and functional classifica- 
tion, in addition to favorable effect on survival in pa- 
tients with CHF chronically treated with similar or 
smaller doses of captopril.762’ 

The data are also limited to responders to nitrates, 
and 2 of our patients demonstrated lack of hemodynam- 
ic response to high-dose (120 mg) isosorbide dinitrate 
and were excluded from the study. Although the reason 
for this finding is not clear, it is not surprising since a 
similar hemodynamic resistance to high-dose isosorbide 
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dinitrate was reported in approximately 25% of compa- 
rable patients with chronic CHF. !! 

Conclusion: The present study demonstrates a sig- 
nificant hemodynamic improvement mediated by ni- 
trate therapy in patients with chronic CHF already 
treated with frequently used doses of captopril. The 
addition of isosorbide dinitrate resulted in a marked im- 
provement in abnormally elevated right and left ventric- 
ular filling pressures and reduction of pulmonary hyper- 
tension. Use of these drugs in combination was associ- 
ated with a significant but short-lasting reduction in 
systemic blood pressure which remained asymptomatic 
in all cases. In contrast to previous reports indicating 
early attenuation of isosorbide dinitrate effects when 
used in frequent dosing, the present study showed per- 
sistent hemodynamic effect for 220 hours. These re- 
sults demonstrate the potential benefits and safety of 
nitrate therapy in patients with chronic CHF already 
treated with ACE inhibition. Further studies should be 
encouraged to evaluate the potential of chronic nitrate 
therapy to improve the effect of ACE inhibitors on clin- 
ical outcome of patients with CHF. 


Acknowledgment: We thank the nurses in the inten- 
sive cardiac unit for their assistance in the performance 
of this study. 
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impaired Forearm Vasodilation to Hyperosmolal 
Stimuli in Patients with Congestive Heart 
Failure Secondary to Idiopathic Dilated 
Cardiomyopathy or to Ischemic Cardiomyopathy 


Alan J. Bank, MD, Thomas S. Rector, PhD, M. Nicholas Burke, MD, 
Linda K. Tschumperlin, RN, and Spencer H. Kubo, MD 


Patients with congestive heart failure (CHF) have 
impaired peripheral vasodilation during exercise. 
Hyperosmolality is one local stimulus that pro- 
duces vasodilation during exercise in normal sub- 
jects. This study addressed the hypothesis that 
vasodilation to hyperosmolal stimuli is impaired in 
patients with CHF. Forearm blood flow responses 
to intrabrachial artery infusions of isoosmolal 
(280 mosm/kg) and hyperosmolal (480 and 660 
mosm/kg) solutions of saline and glucose were 
compared in 9 patients with CHF and 13 normal 
subjects. Forearm blood flow was measured by 
strain gauge plethysmography. In the normal sub- 
jects, hyperosmolal infusions of 480 and 660 
mosm/kg increased forearm blood flow by 3.12 + 
0.40 and 6.80 + 0.67 ml/min/100 ml forearm vol- 
ume, respectively (both p <0.001 compared with 
isoosmolal infusions). In contrast, in the patients 
with CHF, these infusions increased forearm blood 
flow by 2.19 + 0.44 and 4.06 + 0.92 ml/min/100 
ml forearm volume (p <0.05 normal vs CHF). The 
impaired forearm blood flow responses in heart 
failure occurred despite significantly greater (p 
<0.05, normal vs CHF) increases in venous osmo- 
lality (17.3 + 6.5 vs 9.6 + 1.3 mosm/kg for the 
660 mosm/kg infusion). There were no differences 
between groups in forearm venous hematocrit, 
calcium, and sodium or potassium changes during 
hyperosmolal infusions. It is concluded that pe- 
ripheral vasodilation to hyperosmolal stimuli is im- 
paired in patients with CHF. 

(Am J Cardiol 1992;70:1315-1319) 
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failure (CHF) is reduced exercise tolerance. 

Many factors contribute to this abnormality in- 
cluding reduced skeletal muscle blood flow due to de- 
creased cardiac output and impaired peripheral vasodi- 
lation.!-^ Peripheral vasodilation during exercise is pre- 
dominantly controlled by local metabolic factors, such 
as hyperkalemia, hypoxemia, acidosis and hyperosmola- 
lity.5 Hyperosmolality has been associated with exercise 
hyperemia by the following findings: (1) Limb exercise 
increases venous osmolality.’ (2) Intraarterial infusion 
of hyperosmolal solutions results in marked vasodila- 
tion. (3) The increases in venous osmolality and the 
vasodilation during intraarterial infusion of hyperosmo- 
lal solutions are similar to those produced during exer- 
cise.? Based on these findings, we hypothesized that va- 
sodilation to hyperosmolal stimuli would be reduced in 
patients with CHF, suggesting that this abnormality 
could represent one mechanism of impaired vasodilation 
during exercise. To address this question, we used pleth- 
ysmography to measure forearm blood flow responses to 
the intraarterial infusion of hyperosmolal solutions of 
saline and glucose in patients with CHF and in normal 
subjects. 


A frequent finding in patients with congestive heart 


METHODS 

Nine men (mean age 56 years, range 46 to 65) re- 
ferred for the evaluation of CHF participated in the 
study. Ejection fractions measured by radionuclide ven- 
triculogram averaged 17% (range 8 to 28). The etiology 
of heart failure was idiopathic dilated cardiomyopathy 
(n = 5) and ischemic cardiomyopathy (n = 4). Patients 
had symptoms of stable New York Heart Association 
Class III to IV CHF. Patients were admitted to the hos- 
pital 1 or 2 days before the study for evaluation as po- 
tential cardiac transplant recipients. Diuretic drugs (n 
= 9) and digoxin (n = 8) were held on the morning of 
the study. Vasodilators including converting enzyme in- 
hibitors (n = 9), diltiazem (n = 1) and isosorbide dini- 
trate (n = 1), were held for 24 to 48 hours. Twelve nor- 
mal men and 1 normal woman (mean age 33 years, 
range 21 to 59) were studied as a control group. The 
normal subjects were without heart disease, hyperten- 
sion or other major medical problems as determined by 
history, physical examination, routine blood tests and 
electrocardiogram. Each subject gave written informed 
consent and the study was approved by the Human 
Rights in Research Committee. 
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The study preparation has been previously de- 
scribed.'°!! All studies were performed in a tempera- 
ture-controlled room (22? + 1°C). Subjects refrained 
from caffeinated beverages and ate only a light break- 
fast on the morning of the study. An 18 gauge cannula 
was placed into the brachial artery of the nondominant 
arm. Infusions were administered through this cannula 
using a Harvard infusion pump. Forearm blood flow 
was measured with a mercury in Silastic strain gauge 
placed around the upper forearm and connected to an 
electronically calibrated plethysmograph (Hokanson 
ECS, D.E. Hokanson, Inc., Bellvue, Washington). A 
wrist cuff excluded the hand circulation and was inflat- 
ed 30 to 60 seconds before measuring forearm blood 
flow. Five consecutive flow measurements were aver- 
aged over 1 minute and expressed as ml/min/100 ml 
forearm volume. Heart rate and contralateral arm 


TABLE | Baseline Characteristics 


Normal Subjects with 
Subjects Heart Failure 


















Number of subjects 13 9 


Age (years) 33 ix 15 56 + 6* 

Mean arterial pressure 84 +8 80 + 10 
(mm Hg) 

Heart rate (beats/min) 65 * 11 80 + 18t 

Forearm blood flow aes T1343. 2.42 + 1.23 
(ml/min/100 ml) 

Forearm volume (ml) 1,234 + 134 1,33] 2320 

Forearm vascular resis- 32% 15 38 + 13 
tance (U) 

Venous osmolality 291 +4 287 +6 
(mmol/kg) 

Plasma norepinephrine 356 + 128 663 + 437T 
(pg/ml) 

Plasma renin activity 3.9 (1.6-5.2) 19.5 (4.3—22.6)1t 


(ng/ml/hour) 
*p «0.01; fp «0.05. 


Values given are mean +SD except for plasma renin activity, which is median (25th 
to 75th percentile) and was compared by Wilcoxon rank-sum test. 


—@— SALINE (n=13) 
—™— GLUCOSE (n=13) 


A FBF (ml/min/100ml FAV) 


400 500 600 
OSMOLALITY OF INFUSATE (mosm/kg) 


response to hyperosmo- 
lal saline and glucose infusions. FAV = forearm volume; ***p 
«0.001 versus isoosmolal infusions. 
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blood pressure (cuff sphygmomanometer) were deter 
mined before and after each infusion to monitor for sys 
temic effects. Forearm volume was measured by wate 
displacement. Forearm vascular resistance was calculat 
ed as the quotient of mean arterial pressure and fore 
arm blood flow. 

Infusates were prepared on the day of each stud: 
from standard glucose and saline solutions and wer 
mixed to obtain isoosmolal (280 mosm/kg) and hyper 
osmolal (480 and 660 mosm/kg) concentrations. Thi 
osmolality of each mixture was measured and was with 
in 3% of the calculated osmolality. Both saline and glu 
cose solutions of equal osmolality were used to demon 
strate that osmolality was the vasodilator stimulus 
Thirty minutes after the catheters were placed, venou 
blood samples were obtained for plasma norepinephrin 
and plasma renin activity. For each of the 6 infusion 
(glucose and saline at 280, 480 and 660 mosm/kg) 
baseline forearm blood flow was measured. Each solu 
tion was administered at a rate of 5 ml/min for 2" 
minutes. Forearm blood flow was measured between 3! 
and 90 seconds after the onset of the infusion. Ipsilater 
al cephalic vein samples for sodium, potassium, calcium 
hematocrit and osmolality were drawn during the las 
minute of each infusion. Preliminary studies using long 
er infusion times showed that maximal forearm bloo: 
flow was obtained within 30 seconds and remained sta 
ble for Z5 minutes. The infusion rate of 5 ml/min wa 
used because of the potential for local thrombosis wit] 
lower flow rates. Solutions were administered in orde 
of ascending osmolality. There was a 10-minute perio 
between infusions to ensure return of forearm bloo: 
flow to baseline. 

Laboratory methods: Electrolytes and hematocri 
were measured at the University of Minnesota Hospita 
laboratory using standard techniques. Changes in ve 
nous electrolyte concentration and hematocrit in re 
sponse to infusions were calculated as the difference be 
tween baseline values and values measured during thi 
last minute of infusion. The electrolyte values measure 
during the last minute of infusion were corrected for thi 
dilutional effect of the 5 ml/min infusion rate using thi 
formula: Xcorrected = Xmeasured + [1 — (5/FPF)] wher 
X is the electrolyte value and FPF is the forearm plas 
ma flow (FPF = forearm blood flow X forearm volum: 
X [1 — hematocrit]). Hematocrit values were similarl 
corrected for forearm blood flow. Osmolality was deter 
mined using advanced microosmometry and freezin; 
point depression (model 3MO, Needham Heights, Mas 
sachusetts). Plasma norepinephrine and plasma renii 
activity were analyzed in the cardiovascular biochemis 
try core laboratory using radioenzymatic!? and radioim 
munoassays,!? respectively. 

Statistical analysis: Baseline characteristics of thi 
patients with CHF were compared with normal subject 
by unpaired ¢ tests. Analysis of variance for repeate« 
measures was used to evaluate the responses to osmola 
stimuli. A group factor was incorporated into the analy 
sis of variance to compare the normal and CHF groups 
Unless otherwise stated, data were summarized as meai 
+ | standard error. P values <0.05 were considered sig 
nificant. 
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RESULTS 

Baseline characteristics of the 13 normal subjects 
and the 9 patients with CHF are listed in Table I. Pa- 
tients with CHF were older (56 + 6 vs 33 + 15 years, p 
<0.01) and had higher heart rates (80 + 18 vs 65 + 11 
beats/min, p $0.05). Plasma renin activity and plasma 
norepinephrine were also higher in the patients with 
CHF. Forearm blood flow tended to be lower and fore- 
arm vascular resistance tended to be higher in patients 
with CHF, but these differences were not significant. 

In the normal subjects, forearm blood flow increased 
in response to hyperosmolal saline and glucose in a 
dose-dependent manner (Figure 1). All hyperosmolal 
infusions caused significant (p <0.001) increases in 
forearm blood flow compared with isoosmolal infusions. 
At the highest osmolal dose, forearm blood flow in- 
creased by 7.24 + 0.72 and 6.37 + 0.66 ml/min/100 ml 
forearm volume for saline and glucose infusions. There 
were no significant differences in the responses to these 
2 infusates. In the patients with CHF, forearm blood 
flow also increased in a dose-dependent manner (Figure 
2). All hyperosmolal infusions caused significant (p 
<0.01) increases in forearm blood flow. At the highest 
osmolal dose, forearm blood flow increased by 4.65 + 
1.14 and 3.47 + 0.80 ml/min/100 ml forearm volume 
for saline and glucose infusions. The forearm blood flow 
responses to the 2 infusates were not significantly differ- 
ent. In both groups of subjects, blood pressure and heart 
rate did not change during any of the infusions. 

Because there were no significant differences in flow 
responses to the saline and glucose solutions, data from 
infusions of equal osmolality were pooled to compare 
the responses between groups (Figure 3). In the normal 
subjects, forearm blood flow increased by 3.12 + 0.40 
and 6.80 + 0.67 ml/min/100 ml forearm volume for 
the 480 and 660 mosm/kg infusions, respectively. In the 
patients with CHF, forearm blood flow increased by 
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2.19 + 0.44 and 4.06 + 0.92 ml/min/100 ml forearm 
volume, respectively. Overall, the patients with CHF 
had a significantly reduced forearm blood flow response 
to hyperosmolal infusions (p «0.05). 

During isoosmolal infusions, venous osmolality did 
not change from baseline in the normal subjects (0.33 + 
2.22 mosm/kg) or the patients with CHF (0.92 + 2.72 
mosm/kg) (Figure 4). During both the 480 and 660 
mosm/kg infusions, venous osmolality increased signifi- 
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tients with congestive heart failure than in normal subjects. 
NS = not significant; ***p <0.001 versus isoosmolal infu- 
sions. 
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TABLE Il Changes in Venous Laboratory Values During Isoosmolal and Hyperosmolal 


Infusions 


Condition 
Group (mosm/kg) 


Nermal Baseline 


Heart failure Baseline 


Hematocrit 
(%) 


43 +3 
+0.60 + 0.37 
—0.90 + 0.42 
—1.31 + 0.31 

43 +4 
+1.60 + 1.53 
—1.32 + 0.79 
—1.23 + 1.09 


K* 
(mEq/liter) 


4.3 + 0.4 
+0.89 + 0.16 
+0.34 + 0.07 
+0.12 + 0.04 

4.1+0.6 
+1.15+0.27 
+0.31 + 0.10 
+0.19 + 0.12 


Na+ 
(mg/dl) 


140 + 2 
+21.06 + 3.20 
+10.63 + 2.45 

+3.41 + 1.47 

136 + 3* 
+26.72 + 12.63 
+13.65 + 5.42 

+6.55 + 3.23 


Catt 
(mg/dl) 


9.1+0.4 
+1.12 + 0.24 
+0.12 + 0.19 
—0.23 + 0.07 

9.0+0.3 
+1.83 + 0.60 
+0.27 + 0.09 
—0.01 + 0.32 


*p <0.05 heart failure versus normal. 


Data were obtained from both saline and glucose infusions except for Na+, which is only from glucose infusions. 


Ca** = calcium; K* = potassium; Na* = sodium. 


cantly compared with that during isoosmolal infusions 
(p <0.0001) in both groups. During the 660 mosm/kg 
infusions, the increase in venous osmolality was signifi- 
cantly greater in the patients with CHF (17.3 + 6.5 vs 
9.6 + 1.3 mosm/kg, p <0.05). This trend was also pres- 
ent for the 480 mosm/kg infusions. 

Because hyperosmolal infusions cause fluid and elec- 
trolyte shifts that may contribute to vasodilation, ipsilat- 
eral forearm venous hematocrit, potassium, sodium and 
calcium values were measured (Table IT). Baseline val- 
ues were similar except for sodium, which was lower in 
patients with CHF. During most infusions, hematocrit 
and electrolyte concentrations tended to increase. This 
was likely due to an overcorrection for the dilutional 
effects of the 5 ml/min infusion rate. However, as infu- 
sate osmolality increased, there was a consistent de- 
crease in the difference between baseline and final val- 
ues in both groups. Overall, there were no differences in 
hematocrit or electrolyte changes between the 2 groups 
for any of the infusions. 

Because the patients with CHF were older than the 
normal subjects, the relation between age and forearm 


€ 480 mosm/g (r=-0.11,p=0.58) 
A 660 mosm'kg (r=-0.12,p=0.55) 


A FBF (ml/min/100ml FAV) 





FIGURE 5. Correlation between age and forearm blood flow 
(FBF) response to hyperosmolal (480 and 660 mosm/kg) sa- 
line and glucose infusions in normal subjects. There was no 
significant correlation-over an age range of 21 to 59 years. 
FAV - forearm volume. 





blood flow response was assessed. In normal subject: 
(range 21 to 59 years) there was no significant relatior 
between age and forearm blood flow response (Figure 
5) for the 480 (r = —0.11, p = 0.58) or the 660 mosm; 
kg (r = —0.12, p = 0.55) infusions. To determine if th: 
etiology of heart failure could influence vasodilation 
forearm blood flow responses were compared in patient: 
with ischemic (n = 4) and idiopathic (n = 5) cardiomy 
opathy. Pooling over all 4 hyperosmolal infusions, ther: 
was no significant difference in forearm blood flow re 
sponses (3.03 + 0.97 vs 3.25 + 1.06 ml/min/100 m 
forearm volume; p = 0.88) between these 2 groups. 


DISCUSSION 

The present study confirms that intraarterial infu 
sion of hyperosmolal solutions produces dose-dependen 
increases in forearm blood flow in normal subjects. Hy 
perosmolality also increases forearm blood flow in pa 
tients with CHF but the response is significantly im 
paired. Increases in forearm blood flow were identica 
during matched hyperosmolal saline and glucose infu 
sions. Therefore, the observed vasodilation was a resul 
of osmolality changes and not changes in arterial sodi 
um, chloride or glucose concentration. Osmolality of th: 
forearm venous blood was measured to estimate the hy 
perosmolal stimulus. Venous osmolality during the in 
fusions was greater in patients with CHF. Because th: 
infusions and forearm volumes were similar in botl 
groups, the difference was likely a result of a lower ini 
tial forearm blood flow in the group with CHF. The en 
result is that the infusions produced a greater osmola 
stimulus in patients with CHF. 

The mechanism of hyperosmolality-induced vasodi 
lation and the reason for the reduced responses in CHI 
are not known. One mechanism proposed is dehydratioi 
of cell wall structures or surrounding tissue causing : 
passive increase in vascular lumen.® Based on this mech 
anism, patients with CHF might be expected to hav 
increased dilation to hyperosmolality, since increased in 
tracellular and interstitial water may be one cause o 
reduced hyperemic vasodilation in CHF.!^ Since eryth 
rocytes must remain intravascular, a decrease in hemat 
ocrit reflects either water being drawn intravascularl 
or erthrocyte shrinkage. If shrinkage is assumed to b 
small, the maximal rate of intravascular fluid shift ca; 
be calculated by multiplying the percent change in he 
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matocrit by the final forearm blood flow. For the 660 
mosm/kg infusions the estimated fluid shift is 5.6 ml/ 
min in normal subjects and 5.9 ml/min in patients with 
CHF. These values are similar to those found during 
intrabrachial hypertonic infusions in normal subjects,? 
and suggest that this mechanism is unlikely to account 
for the significant difference in vasodilator responses. 

Two additional mechanisms proposed for hyperos- 
molality-induced vasodilation are inhibition of vascular 
smooth muscle myogenic tone and sympathetic inhibi- 
tion. Hyperosmolality causes fluid or electrolyte shifts, 
or both, which can alter the ratio of external to internal 
ion concentration and thus cell membrane potential.’ In 
isolated vessels, hyperosmolality attenuates smooth 
muscle pacemaker firing, spread of excitation between 
cells and strength of contraction.? However, there were 
no significant differences between the 2 groups in terms 
of sodium, potassium or calcium shifts during hyperos- 
molal infusions. In vitro, hyperosmolality significantly 
depresses release of radiolabeled norepinephrine from 
canine saphenous veins.'> Data from the present study 
suggest that this mechanism is unlikely to be important 
because one would expect the patients with CHF (who 
have increased norepinephrine levels) to have increased 
vasodilator responses. 

The finding of impaired hyperosmolal-induced vaso- 
dilation may have implications regarding reduced exer- 
cise hyperemia in CHF. Tissue osmolality increases 
during exercise as muscle metabolic activity increases.’ 
In the denervated cat hind limb, exercise produces in- 
creases in venous osmolality that are inversely related to 
changes in vascular resistance? During forearm exercise 
in normal subjects, venous osmolality increased by a 
mean of 6 mosm/kg in 1 study!6 and a median of 7.5 
mosm/kg (range 1 to 27) in another.? These values are 
similar to those obtained during our 480 mosm/kg infu- 
sion (which resulted in a two- to threefold increase in 
forearm blood flow). Thus, the magnitude of the 
changes in venous osmolality and forearm blood flow in 
normal subjects during hyperosmolal infusion is similar 
to exercise. 

Study limitations: There are several limitations to 
this study. Because strain gauge plethysmography mea- 
sures changes in forearm volume, significant dehydra- 
tion of the forearm during hyperosmolal infusions may 
alter resting forearm blood flow. To minimize this ef- 
fect, infusions were given in order of increasing osmolal- 
ity for only 27^ minutes. Significant dehydration is un- 
likely because baseline forearm blood flow did not de- 
crease with time. Because patients with heart failure 
were older we cannot completely exclude an effect of 
age. However, there was no significant correlation be- 
tween age and forearm blood flow response in normal 
subjects over a wide age range. In addition, previous 
studies of vasodilator stimuli in normal subjects and in 
patients with CHF have not found a correlation be- 


tween age and resistance vessels reactivity.!°!’ Athero- 
sclerosis is also probably not an important factor since 
the forearm blood flow responses were not different in 
patients with ischemic versus idiopathic cardiomyopa- 
thy. Finally, this study does not prove the specificity of 
the defect in hyperosmolal vasodilation. This defect may 
be part of a generalized impairment in vasodilator ca- 
pacity. However, other studies have shown that forearm 
blood flow responses to a variety of vasodilators are not 
significantly reduced in patients with CHF.!9.7-1? 
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CARDIOMYOPATHY 


Long-Term Efficacy of Physiologic Dual-Chamber 
Pacing in the Treatment of End-Stage Idiopathic 
Dilated Cardiomyopathy 


Margarete Hochleitner, MD, Helmut Hórtnagl, MD, Heide Hórtnagl, MD, 
Leo Fridrich, MD, and Franz Gschnitzer, MD 


The long-term efficacy of physiologic dual-cham- 
ber (DDD) pacing in the treatment of end-stage id- 
iopathic dilated cardiomyopathy was evaluated in 
a longitudinal study of up to 5 years in 17 pa- 
tients. The considerable clinical improvement 
achieved after implantation of a pacemaker pro- 
grammed for DDD pacing at an atrioventricular 
delay of 100 ms was maintained throughout the 
follow-up period or until death and was associated 
with a consistent decrease in New York Heart As- 
sociation class and an increase in left ventricular 
ejection fraction. Cardiothoracic ratio, heart rate 
and echocardiographic dimensions progressively 
decreased, and systolic and diastolic blood pres- 
sures increased. Median survival time was 22 
months. During follow-up, 4 patients received do- 
nor hearts, 9 had a sudden death at home without 
defined cause or after a thromboembolic event, 
and 1 died from adenocarcinoma. Three patients 
survived the follow-up. No patient needed rehospi- 
talization owing to a worsening of heart failure af- 
ter pacemaker implantation. An interruption of 
pacing in DDD mode for 2 to 4 hours was followed 
within the first months by a marked decrease in 
left ventricular ejection fraction and an increase in 
cardiothoracic ratio and echocardiographic dimen- 
sions, but this response consistently decreased 
during follow-up. The data indicate that DDD pac- 
ing can be recommended as a useful tool in the 
long-term treatment of end-stage idiopathic dilat- 
ed cardiomyopathy, with progressive improvement 
in cardiac function and a reduction of the dilata- 
tion of the left ventricle. 

(Am J Cardiol 1992;70:1320-1325) 
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was introduced in 1990 as a new approach in the 

treatment of idiopathic dilated cardiomyopathy. | 
It was demonstrated that in patients with drug-resistant. 
end-stage idiopathic dilated cardiomyopathy, left ven- 
tricular function and clinical symptoms improved con- 
siderably after implantation of a pacemaker pro- 
grammed for DDD pacing with atrioventricular delay 
of 100 ms.! The beneficial effect of this therapeutic pro- 
cedure was confirmed recently.* In the initial study ol 
Hochleitner et al,! patients were followed up for 1 year. 
The aim of the present longitudinal study was to obtain 
more information on the long-term efficacy of this 
treatment approach. Attention was focused on the fol- 
lowing 2 vital questions: (1) How long can the benefi- 
cial effect of DDD pacing be maintained? (2) Does the 
long-lasting improvement of cardiac function in re- 
sponse to the chronic use of DDD pacing have any im- 
pact on the extent and progression of the disease process 
underlying dilated cardiomyopathy? To answer these 
questions, we examined the clinical course and cardiac 
function of DDD-paced patients with end-stage idio- 
pathic dilated cardiomyopathy for up to 5 years. Fur: 
thermore, we evaluated at least once a year whethei 
cardiac function deteriorates as a consequence of pro 
gramming the pacemaker from DDD mode to DOO 
mode for several hours. Exercise performance was test- 
ed in some patients to obtain further quantitative date 
on clinical improvement. 


E he use of physiologic dual-chamber (DDD) pacing 


METHODS 

Selection of patients: The study group comprised 17 
critically ill patients (6 women and 11 men) with chron- 
ic heart failure due to dilated idiopathic cardiomyopa- 
thy, in whom drug therapy had ceased to maintain ade- 
quate cardiac function. The diagnosis was verified by 
angiography, echocardiography and myocardial biopsy 
No patient had heart failure due to coronary artery dis- 
ease or excessive alcohol consumption. The age of the 
patients at the time of pacemaker implantation rangec 
from 31 to 74 years (mean 52 + 3). Patients with epi: 
sodes of atrial fibrillation were not included in the 
study. The prognosis for selected patients was especially 
poor, because most (60%) were not accepted for hear 
transplantation owing to age or evidence of embolic dis 
ease. All patients gave informed consent to participatior 
in the study. 

Before admission to the treatment center, all pa. 
tients were receiving drug therapy for several years (3.* 
+ 0.5) as outpatients. Severe clinical deterioration hac 
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been evident for 7.6 + 1.4 months before pacemaker 
implantation. During this period, patients had repeated- 
ly needed hospital admission, necessitating transfer to 
the intensive care unit on Z1 occasion. Severe pulmo- 
nary edema and nocturnal dyspnea were present in most 
patients. Most patients were in New York Heart Asso- 
ciation class IV, and left ventricular ejection fraction 
was reduced to 15.5 + 2.0%. All patients had episodes 
of ventricular ectopic activities (Lown classification 
mainly II to IVb). In 8 patients, end-stage cardiomyop- 
athy was associated with cardiogenic shock. 

Pacemaker implantation: Physiologic dual-chamber 
cardiac pacemakers were implanted. The atrial elec- 
trode was positioned near the right auricle, and the sec- 
ond electrode was implanted in the right ventricular 
apex. Externally, multiprogrammable pacemakers that 
could be set to an atrioventricular interval of 100 ms in 
DDD mode were used (Medtronic 7005, Medtronic 
INC, Minneapolis; Siemens 285, Siemens-Elema AB, 
Solna, Sweden). Pacemakers were programmed to a 
minimal rate of 50 beats/min and a maximal rate of 
150. The atrioventricular interval of 100 ms was chosen 
as the shortest possible atrioventricular delay that does 
not significantly impair cardiac function.?-$ 

Methods for evaluation of cardiac function: The fol- 
lowing studies were performed within 1 week before and 
2 to 14 days, as well as 6, 12, 18, 24, 36, 48 and 60 
months, after pacemaker implantation: electrocardiog- 
raphy, routine chest x-ray examination, radionuclide 
scintigraphy, 24-hour Holter or telemetry monitoring, 
and M-mode, 2-dimensional and Doppler echocardiog- 
raphy. Echocardiographic studies were performed ac- 
cording to the recommendations of the American Soci- 
ety of Echocardiography.’-? Heart failure classification 
was according to the Criteria Committee of the New 
York Heart Association.!? Left ventricular ejection 
fraction was estimated by multigated acquisition blood 
pool scintigraphy according to the method described by 
Reiber et al.!! These examinations were subsequently 
repeated 2 to 4 hours after withdrawal of pacemaker 
function by programming the pacemaker to DOO 
mode. 

Ergometric test: [n 4 patients (2 women and 2 
men), exercise performance was tested in the upright 
position during graded bicycle exercise with 25 W incre- 
ments every second minute until exhaustion. Lactate 
concentrations were measured in capillary blood (ear 
lobe) every second minute.!? Expired gas was obtained 
for measurements of ventilation, oxygen uptake and 
carbon dioxide output using a pneumotachygraph and 
mass spectrometer. 

Drug therapy: All patients received a combination of 
diuretics, digitalis, vasodilator drugs and acetylsalicylic 
acid before and after pacemaker implantation. In the 8 
patients with severe hypotension, the converting enzyme 
inhibitor enalapril had to be withdrawn, and a continu- 
ous infusion of dopamine or dobutamine was needed. 
After pacemaker implantation, the infusion of dopa- 
mine or dobutamine was discontinued. Enalapril intoler- 
- ance disappeared; most patients tolerated a higher dose 
of enalapril than before pacemaker implantation, with- 
out development of hypotension (daily dose 4 + 1 mg 





before and 10 + 2 mg after pacemaker implantation; p 
« 0.001). 

Statistics: All values are expressed as mean + SEM. 
In the surviving patients, the significance of changes of 
the various parameters in response to treatment, as well 
as after acute withdrawal of DDD pacing, was calculat- 
ed by a 1-factor (time) analysis of variance with repeat- 
ed measures during the first year (n = 9) and 5-year 
follow-up (n = 3). The survival distribution was calcu- 
lated according to the Kaplan-Meier method, using 
BMDP Statistical Software, Version 1991. The paired 
Student ź test was used to show differences in echocar- 
diographic data in the presence of and after acute with- 
drawal of DDD pacing. The significance level assumed 
was p «0.05. 


RESULTS 

Within 3 weeks after pacemaker implantation, all 
patients were discharged from the hospital and were 
able to resume a relatively normal life and continue 
their professional activities. No patient needed further 
hospitalization because of worsening of heart failure. At 
the repeated, routine, clinical control examinations as 
outpatients (every 6 to 12 months), there was no clinical 
evidence of reduction of cardiac function or progression 
of dilated cardiomyopathy. There was no need to 
change the dosage or combination of drugs established 
after the commencement of DDD pacing. Of the 7 pa- 
tients who had been included in the heart transplanta- 
tion program before pacemaker implantation, 4 received 
a donor heart 5 to 11 months after beginning DDD pac- 
ing, and 3 refused cardiac transplantation owing to the 
dramatic clinical improvement in response to DDD pac- 
ing. 
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FIGURE 1. Cumulative survival (Kaplan-Meier method) after 
onset of DDD pacing during 5-year follow-up. Four patients 
who received donor hearts are not included. Median survival 
time was 22 months. 
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TABLE I Persistent Beneficial Effect of DDD Pacing on Heart Rate, Blood Pressure and 


Cardiothoracic Ratio 


Time Before/After No. Heart Rate 
Pacemaker Implantation of Pts. (beats/min) 


< 1 week before 
2 to 4 days after 
6 months after 
12 months after 
18 months after 
2 years after 

3 years after 

4 years after 

5 years after 


Blood Pressure (mm Hg) 


— Cardiothoracic 
Systolic Diastolic Ratio (x-ray) 


0.60 + 0.01 
0.56 + 0.01 
0.55 + 0.01 
0.54 + 0.01 
0.54 + 0.01 
0.54 + 0.01 
0.51 + 0.01 
0.51 + 0.01 
0.52 + 0.01 


TABLE li Long-Term Effects of DDD Pacing on Echocardiographic Parameters 


. * . 
= 


Right 
Time Before/After No. Ventricle 
Pacemaker Implantation of Pts. 


< 1 week before 
2—14 days after 
6 months after 
12 months after 
2 years after 


e p MÀ h dS 


NYHA-Classes 


before 6 12 


before 6 12 18 24 
months years 


— 
sf 
4 
9 
~ 
O 
e 
M 
"— 
= 
2 
~ 
e 
2 
® 
i 
IS 
poe | 
.2 
i 
~ 
| 
® 
> 
~ 
vos 
o 


after onset of DDD pacing 


FIGURE 2. Long-term effect of DDD pacing on New York 


diomyopathy. 
who died within 6 months after onset of DDD pacing are not 
included. 





Left Ventricle 
Left —————— Fiber 
Atrium Systole Diastole Shortening 
(mm) (mm) (mm) (96) 


The cumulative survival curve (excluding patien 
who received a donor heart) is presented in Figure ` 
Median survival time was 22 months. The cause « 
death in 1 patient was completely unrelated to cardia 
disease (adenocarcinoma). The remaining 9 patien 
had a sudden death at home during 5-year follow-u; 
Autopsy performed in 5 patients revealed a thromboen 
bolic event (stroke, myocardial infarction or pulmonar 
thromboembolism) in 4, despite adequate prophylact 
anticoagulant therapy. The 3 patients who are still aliv 
25 years after the commencement of DDD pacing a1 
well and remain active in their professions. 

Clinical improvement of patients was associate 
with a consistent decrease in New York Heart Associ: 
tion class and an increase in left ventricular ejectic 
fraction. The improvement in these parameters wé 
maintained during the observation period in most p: 
tients (Figure 2). Furthermore, progressive decreases i 
cardiothoracic ratio and heart rate, as well as increast 
in systolic and diastolic blood pressures, were achieve 
throughout the observation period (Table I). In the 
patients surviving the first year, continuous increases i 
systolic and diastolic blood pressures (systolic 117 + 
to 133 + 6 mm Hg; and diastolic 69 + 4 to 86 + 3 mi 
Hg; p <0.001) and left ventricular ejection fraction (1 
+ 3% to 30 + 496, p «0.001), and a decrease in ca 
diothoracic ratio (0.59 + 0.02 to 0.54 + 0.01; 
<0.001) were observed during the first year. Statistic: 
analysis of changes in the various parameters during ! 
year follow-up in the 3 surviving patients revealed a si 
nificant increase in left ventricular ejection fraction (2 
+ 1% to 40 + 296; p <0.05) and a decrease in cardi 
thoracic ratio (0.62 + 0.02 to 0.52 + 0.01; p «0.001 
The decrease in echocardiographic dimensions achieve 
after DDD pacing persisted or was enhanced even fu 
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TABLE Ill Longitudinal Study of Changes in Cardiovascular Parameters in Response to 
Withdrawal of DDD Pacing for Two to Four Hours 


Time Point of 
Withdrawal Decrease in 
(after pacemaker No. Ejection Fraction 
implantation) of Pts. (%) 


LE ws L6 
6 months 3.9+0.8 
12 months ^59 1.7 
18 months — 

2 years 5.0 € 1.6 
3 years 4.0 + 0.6 
4 years 4.1 X 1.5 
5 years 1.3 + 0.3 


<2 weeks 


ther (Table II). In the 3 patients who survived 5-year 
follow-up the systolic and diastolic dimensions of the 
left ventricle steadily decreased (systolic 59 + 5 to 47 + 
5 mm; and diastolic 72 + 5 to 60 + 3 mm; p <0.001; 
Figure 3). During DDD pacing, a persistent reduction 
in the occurrence of ventricular arrhythmias was ob- 
served (decrease in Lown classes from II-IVb to I-III). 

Within the first 2 weeks after pacemaker implanta- 
tion and, to a smaller extent, after 6 and 12 months, 
cardiac function decreased with withdrawal of the DDD 
function of the pacemaker, as indicated by an acute in- 
crease in cardiothoracic ratio and a decrease in left ven- 
tricular ejection fraction (Table III). In the following 
years, however, cardiothoracic ratio was not altered by 
the acute withdrawal of DDD pacing. The response of 
left ventricular ejection fraction to acute interruption of 
DDD pacing also consistently decreased during follow- 
up (p <0.001); left ventricular ejection fraction de- 
creased from 32 + 3% to 18 + 3% and from 30 + 4% to 
23 + 5%, 2 weeks and 1 year, respectively, after the 
commencement of DDD pacing, (n = 9), whereas after 
5 years, the response to DDD pacing withdrawal was 
not significant (40 + 2% to 39 + 2%) (n = 3). However, 
the decreases in systolic and diastolic blood pressures 
and the increase in heart rate in response to the change 
of DDD to DOO mode persisted throughout the obser- 
vation period. The left atrium still reacted 6 months af- 
ter pacemaker implantation to the withdrawal of DDD 
pacing, with a significant increase in size (41 + 2 to 44 
+ 2 mm; p <0.001) (n = 9). All other echocardiograph- 
ic parameters remained unchanged. Two years after be- 
ginning DDD pacing, the dimensions of the left atrium 
and left ventricle during systole still increased (41 + 4 
to 43 + 4 mm, and 56 + 5 to 57 + 5, respectively, p 
<0.05) (n = 5), whereas after 5 years of DDD pacing, 
the interruption of pacing did not change the echocar- 
diographic dimensions. Throughout follow-up, however, 
most patients reverted to ventricular arrhythmias after 
withdrawal of DDD pacing comparable in severity to 
their prepacing classification. 

In 4 patients, exercise tolerance was tested 2 to 4 
years after beginning DDD pacing. Patients were able 
to achieve an exercise capability that corresponded to 
57 + 13% of their expected normal value. At this time 
point, the withdrawal of the DDD mode did not signifi- 
cantly decrease exercise capability (Table IV). Al- 


Cardiothoracic 





Decrease in Blood 
Pressure (mm Hg) 


Increase in 
Heart Rate 
(beats/min) 


Increase in 


Ratio (x-ray) Systolic Diastolic 


0.040 + 0.007 


TABLE IV Exercise Data Obtained in Four Patients Two to Four 
Years After Commencement of DDD Pacing 


Pacemaker Programmed 


DDD Mode DOO Mode 


100 + 27 
5/713 


81+ 19 
51+8 


Exercise peak work load (W) 
% of nominal value 

Maximal lactate (mmol/L) 54+ 0:7) 5,356 kd 
Heart rate (beats/min) at peak work load 1440+ 14 13311 
Maximal relative oxygen uptake (ml/kg/min) 17.3 + 3.8 17.4+ 4.3 





though exercise capacity was still below normal in these 
patients, it showed a remarkable response to treatment, 
because before pacemaker implantation they had a 
New York Heart Association classification of III-IV or 
IV, needing intensive care, and could not perform any 
exercise. 


DISCUSSION 

This longitudinal study of up to 5 years demon- 
strates the long-lasting efficacy of DDD pacing at an 
atrioventricular delay of 100 ms in the treatment of pa- 
tients with end-stage idiopathic dilated cardiomyopathy 
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FIGURE 3. Longitudinal changes in echocardiographic dimen- 
sions of left ventricle during systole (closed circles) and dias- 
tole (open circles) in response to DDD pacing over 5 years. 
Values at various time points represent mean + SEM of 3 pa- 
tients surviving follow-up. Significance of reduction was p 
<0.001 for dimension both in systole and diastole (1-factor 
analysis of variance with repeated measures). 
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who no longer respond adequately to pharmacologic 
therapy. During DDD pacing, the underlying cardiomy- 
opathy did not progress further, and clinical improve- 
ment was maintained throughout the observation period 
or until death. The prevention of further hospitalization, 
and the possibility for these patients to return to their 
professional life were additional benefits of this treat- 
ment. 

In general, the prognosis of dilated cardiomyopathy 
remains poor, despite the remarkable improvement in 
its pharmacologic treatment over the past decade. The 
1-year mortality among patients with congestive heart 
failure in New York Heart Association functional class 
IV receiving conventional therapy has been reported to 
be 52% and was reduced to 36% by additional treatment 
with enalapril at a daily dosage of <40 mg.'? The pres- 
ent study suggests that a further reduction in mortality 
rate may be achieved if patients who no longer respond 
to enalapril or who develop severe hypotension in re- 
sponse to enalapril are treated additionally with DDD 
pacing. The persistent normalization of systolic and dia- 
stolic blood pressures even in patients with severe hypo- 
tension,' associated with a decrease in heart rate during 
prolonged DDD pacing, has the possibility of imple- 
menting higher doses of angiotensin-converting enzyme 
inhibitors or vasodilators. In the present study, enalapril 
tolerance increased after pacemaker implantation. 
Hence, the increase in the dosage of enalapril may also 
have contributed to the improvement in cardiac func- 
tion in our patients. 

Excluding the 4 patients who received a donor heart, 
the median survival time after commencement of DDD 
pacing was 22 months. No patient died due to progres- 
sive deterioration of cardiac function. Most patients 
(n = 9) had a sudden death at home without defined 
cause or after a thromboembolic event. The occurrence 
of fatal arrhythmias may have been the cause of death 
in some patients. Sudden death accounts for <50% of 
all deaths in chronic congestive heart failure.!^*!? In the 
present investigation, sudden cardiac death was the 
cause of 90% of deaths during treatment with DDD 
pacing. Although this finding is limited by the small 
number of patients, it appears probable that DDD pac- 
ing increases the incidence of sudden death by prevent- 
ing a worsening of pump failure as a cause of death. 

Furthermore, evidence was obtained that a consider- 
able deterioration in cardiac function after short-lasting 
removal of DDD pacing only occurred during the first 
months of pacemaker treatment. In time, these changes 
declined and finally disappeared. The acute change of 
DDD mode was also not associated with any marked 
reduction in exercise performance 22 years after begin- 
ning DDD pacing. This finding is of considerable clini- 
cal relevance, because during prolonged treatment of 
patients with dilated cardiomyopathy by DDD pacing, 
sudden technical problems or a possible dislocation of 
the pacemaker would not necessarily be associated with 
the development of critical heart failure. More likely, 
deterioration of cardiac function would develop slowly 
in cases of failure of the pacemaker system. Some of 
our patients described a slow-developing but progressive 
deterioration over a period of several weeks, which 
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proved to be associated with a fault in the pacemaker 
system. Improvement in cardiac function occurred im- 
mediately after correction of the defect. Thus, it ap- 
pears that DDD pacing not only improves the hemody- 
namic situation, but also has a beneficial impact on the 
damaged myocardium. This assumption is also based on 
the finding that in 3 patients who were followed up for 5 
years, the size of the left ventricle continuously de- 
creased, indicating a progressive reduction of cardiac di- 
latation, despite the long-lasting existence of dilatation 
before DDD pacing. 

A series of events may contribute to the beneficial 
effect of DDD pacing in congestive heart failure, in- 
cluding preservation of atrial outflow power for ventric- 
ular ejection, decrease in mitral valve regurgitation, in- 
crease in left ventricular filling, improvement in forward 
cardiac output, and enhanced myocardial contractili- 
ty.^^!5 Furthermore, abnormalities in fiber arrange- 
ment within the ventricular mass, abnormal coordina- 
tion of wall motion, and consequently, altered wall 
stress and compliance are to be expected with dilatation 
of the left ventricle.!?-?! Even in the normal left ventri- 
cle, the onset of systolic motion is delayed and its extent 
is reduced in the anteroapical region, which is attribut- 
able to late electrical activation, increased afterload sec- 
ondary to contraction elsewhere in the ventricle, and the 
absence of organized fiber orientation.?!-? Thus, the 
apex is normally vulnerable to greater wall stress, a phe- 
nomenon that has been shown to be exaggerated by di- 
latation of the left ventricle. In idiopathic dilated car- 
diomyopathy, systolic and diastolic regional left ventric- 
ular wall motion abnormalities have been detected in 
anteroapical and apical regions.^ By positioning the 
ventricular part of the DDD pacemaker in the apical 
area, the exaggerated delay in apical activation and the 
subsequent increase in wall stress may be at least partly 
overcome. The better coordination of atrial and ventric- 
ular contraction, the prolonged reduction in the extent 
of cardiac dilatation, and the improved organization of 
fiber orientation may relieve the damaged myocardium 
from inappropriate wall stress and incoordinate contrac- 
tion, finally resulting in partial recovery. This evidence 
may also provide insight into the pathogenetic mecha- 
nisms involved in the progression of dilated cardiomyop- 
athy. 
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Differences in Direction-Dependent Shortening of 
the Left Ventricular Wall in Hypertrophic 
Cardiomyopathy and in Systemic Hypertension 


Masahiro Hattori, Toshikazu Aoki, MD, and Kiyotsugu Sekioka, MD 


To determine whether patients with hypertrophic 


cardiomyopathy (HC) have an altered mode of con- 
traction of the left ventricular (LV) wall related to 
underlying myocardial abnormalities, geometric 
changes in the LV wall were analyzed at 2 points 
of the cardiac cycle (end-diastole and end-systole) 
using 2-dimensional echocardiography. The rela- 
tions between meridional and circumferential 
shortening of the LV midwall, mean wall thicken- 
ing, and the changes in the short-axis cross-sec- 
tional area of the LV wall at the level of chordae 
tendineae were determined in 18 patients with 
nonobstructive HC, and were compared with those 
in 31 normal subjects and 19 patients with essen- 
tial systemic hypertension. In normal subjects, no 
significant difference was observed between me- 
ridional (16.3 + 2.4%) and circumferential (17.1 
+ 4.0%) shortening, whereas cross-sectional LV 
wall area increased significantly at end-systole (p 
<0.001). In patients with hypertension, all mea- 
sured indexes were not different from those in 
normal subjects. In contrast, patients with HC had 
significantly reduced meridional shortening (p 
<0.001) and mean wall thickening (p <0.01). Con- 
sequently, a striking difference was observed be- 
tween meridional (8.9 + 2.4%) and circumferen- 
tial (16.9 + 3.2%) shortening (p <0.001). Further- 
more, no increase in cross-sectional LV wall area 
was observed at end-systole. Thus, echocardio- 
graphic detection of direction-dependent contrac- 
tion can be a useful index for distinguishing HC 
from systemic hypertension. 

(Am J Cardiol 1992;70:1326-1332) 
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ecent observations have suggested that evaluatior 

of midwall fiber dynamics is a more appropriati 

method for the analysis of myocardial musck 
mechanics, because the midwall fibers are oriented cir 
cumferentially.'-? On this basis, various studies hav: 
been performed to characterize left ventricular (LV 
wall contraction.* Previous studies have shown tha 
myocardial abnormalities are present in the LV wall o: 
patients with hypertrophic cardiomyopathy (HC). 
However, we do not know how these myocardial abnor: 
malities alter the contraction of the LV wall. Until re 
cently, it was widely accepted that patients with HC 
had a paradoxic increase in myocardial contractility. 
This notion of a hypercontractile state is now being re 
considered.!0-!? The present study investigates whethe; 
patients with HC have an altered mode of contractior 
due to genetically transmitted myocardial abnormalitie: 
when compared with normal or hypertensive hearts. 


METHODS 

We investigated 31 normal control subjects (17 mer 
and 14 women, aged 21 to 71 years, mean 45.2), 1‘ 
patients with long-standing (>2 years) essential hyper 
tension (13 men and 6 women, aged 43 to 76 years 
mean 57.2), and 18 patients with HC (15 men and : 
women, aged 21 to 74 years, mean 48.7). Among the 
normal control subjects, 16 were volunteers and 15 were 
referred for cardiac evaluation but were found to have 
no clinical, electrocardiographic or echocardiographk 
evidence of heart disease. The hypertensive patient: 
were selected from our outpatient hypertension clinic 
Patients with a documented systolic pressure 2160 mm 
Hg or a diastolic pressure >90 mm Hg on 22 occasion: 
within 1 month before the study were enrolled in the 
hypertension group. Patients with diabetes mellitus anc 
valvular or ischemic heart disease and patients whc 
were using medication that could affect the cardiovas- 
cular system were excluded from the study. The diagno 
sis of HC was established according to the criteria oi 
the Study Group of Idiopathic Cardiomyopathy of Ja: 
pan,!? after modification of Goodwin’s criteria.!^ In pa: 
tients with HC, all cardioactive drugs were discontinuec 
Z5 days before echocardiography. All subjects gave in- 
formed consent and no complications occurred as a re 
sult of this study. Definite congestive heart failure wa: 
not evident in any of the 37 patients with hypertensior 
or HC. All subjects were in normal sinus rhythm. Clini- 
cal and echocardiographic data for the 3 groups are 
summarized in Table I. 

A combined M-mode and 2-dimensional echocardio- 
graphic examination was performed in each of the 6& 
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subjects. Parasternal, short-axis, 2-dimensional echocar- 
diograms of the left ventricle at the level of the chordae 
tendineae as well as apical 2-chamber views were re- 


K corded with a Toshiba SSH65A instrument equipped 


with a 3.75 or 2.5 MHz phased-array sector transducer. 
Recordings were obtained with the subjects in the 
semireclining left lateral position. End-diastolic and 
end-systolic frames of the same cardiac cycle were auto- 
matically frozen at the peak of the R wave and the ter- 
mination of the T wave, respectively, of the simulta- 
neously recorded electrocardiogram, and were recorded 
on a Toshiba LSR100A line scan recorder. The echo- 
cardiographic images were obtained by a single opera- 
tor in all cases. Blood pressure was measured in the su- 
pine position with a standard sphygmomanometer at the 
time of echocardiography. 

The LV midwall line was determined manually as a 
series of midpoints between the endocardium and epi- 
cardium. The meridional perimeter (the length along 
the long-axis LV midwall from the base of the anterior 
aortic valve leaflet to the base of the posterior mitral 
valve leaflet) and the LV circumference (the length 
along the short-axis LV midwall) were measured with a 
Ushikata X-plan 360d area-curvimeter (Figure 1). The 
short-axis cross-sectional area of the LV wall was deter- 
mined at end-diastole and end-systole by direct planim- 
etry performed on hardcopy prints of the images. To 
obtain mean values, 4 or 5 pairs of frames at both 
end-diastole and end-systole were measured for each 
subject. Circumferential shortening (%Lc), meridional 
shortening (%Lm), wall thickening (%T), and percent 
change in cross-sectional wall area (%CSA) were calcu- 
lated with the following formulas: %Lc = {(end-diastolic 
Lc — end-systolic Lc)/end-diastolic Lc] X 100, where 
Lc = circumference of the LV midwall; %Lm = {(end- 
diastolic Lm — end-systolic Lm)/end-diastolic Lm} X 
100, where Lm = meridional perimeter of the LV 
midwall; %CSA = {(end-systolic CSA — end-diastolic 
CSA)/end-diastolic CSA} X 100; mean wall thickness 
(T) = CSA/Lc, where CSA = short-axis cross-sectional 
wall area; and %T = {(end-systolic T — end-diastolic 
T)/end-diastolic T} X 100. 

The thickness of the septum and the LV posterior 
wall at end-diastole were measured at the level of the 
tips of the mitral valve leaflets, and an average value of 
23 cycles was obtained. Asymmetric septal hypertro- 
phy was considered to be present if the ventricular sep- 
tum was =1.3 times as thick as the posterobasal free 
wall.!? 

Statistics: The significance of differences between 
circumferential shortening and meridional shortening, 
and between end-diastolic and end-systolic cross-sec- 
tional LV wall areas was analyzed by Student's paired t 
test. The unpaired ¢ test was used to compare data 
among the 3 groups. A p value «0.05 was considered to 
indicate a statistically significant difference. All results 
are expressed as mean + SD. 


RESULTS 

Normal subjects: There were no significant differ- 
ences between circumferential (17.1 + 4.0%) and me- 
ridional (16.3 + 2.4%) shortening (Figures 2 and 3), 


and the ratio of circumferential shortening to meridio- 
nal shortening was 1.06 + 0.27 (Table I). The mean 
wall thickening was 30.9 + 8.3%. Linear regression 
analysis of the relation between end-systolic and end- 
diastolic cross-sectional LV wall areas gave the follow- 


TABLE I Clinical Characteristics of Subjects 


Subjects with 
Systemic 
Hypertension 
(n = 19) 


Subjects with 
Hypertrophic 
Cardiomyopathy 
(n = 18) 


Normal 
Subjects 
(n = 31) 


17:14 
452 + 17.5 
21-71 


13:6 
57.2 x 8.7*| 
43—76 


15:3 
48.7 + 12.4 
21-74 


Sex (men:women) 
Age (years) 
Range 
Blood pressure 
(mm Hg) 
Systolic 
Diastolic 
Body surface area 
(m?) 
Heart rate (beats/min) 
End-diastolic mean 
wall thickness 
% circumferential 
shortening 
% meridional short- 
ening 
% wall thickening 
%Lc/%Lm 
End-systolic CSA/end- 
diastolic CSA 
*p «0.01; tp «0.05 compared with normal group; £p < 0.001 compared with the 
other groups; $p « 0.05 compared with the hypertension group; |p « 0.05 compared 


with hypertrophic cardiomyopathy. 
Values are mean + SD 


120 + 14 
72 X 11 
1.59 + 0.15 


174 + 19ł 
94 + 13t 
1.61+0.14 


126 + 22 
68 + 12 
1.70 + 0.16T 


66 + 12 
10.0 + 1.3 


65+9 
12.0 + 2.11 


64 +8 
14.8 + 2.41 
17.1 + 4.0 


15.4 + 3.9 16.9 + 3.2 


163° 224 -15.7 2.5 8.9 + 2.41 
30.9+83 31.2+10.4 
1.06 + 0.27 1.00+0.29 


1.08 + 0.06 1.10 + 0.07 


22.6 + 9.4*§ 
1.98 + 0.45ł 
1.02 + 0.05ł 


CSA = cross-sectional wall area; %Lc = circumferential shortening; %Lm = 
meridional shortening. 





FIGURE 1. Two-dimensional echocardiograms (top) and sche- 
matic illustrations of measurements (bottom). A, parasternal 
short-axis view at the chordae tendineae level of the left ven- 
tricle. B, apical 2-chamber view. Ao = aorta; CSA = cross-sec- 
tional area of the left ventricular wall; LA = left atrium; 

Lc = circumference of the left ventricular midwall; Lm = peri- 
meter along the left ventricular midwall from the base of the 
anterior aortic valve leaflet to the base of the posterior mitral 
valve leaflet; LV = left ventricle; PML = posterior mitral valve 
leaflet. 
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FIGURE 2. Relation between percent circumferential shorten- 
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FIGURE 3. Comparison of left ventricular contractile indexes 
among normal subjects (N) (n = 31), patients with hyperten- 
sion (HT) (n = 19) and patients with hypertrophic cardiomyop- 
athy (HC) (n = 18). CSAs/CSAd = end-systolic/end-diastolic 
cross-sectional wall area; ns = not significant; %Lc = % cir- 
cumferential shortening; %Lm = % meridional 

%T = % wall thickening; *p <0.05; **p <0.01; ***p 
<0.001. 
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ing equation: end-systolic area = 1.06 X end-diastolic 
area + 0.3 cm? (r = 0.95, p <0.001) (Figure 4). The 
ratio of end-systolic area to end-diastolic area was 1.08 
+ 0.06. The end-systolic area was greater than the end- 
diastolic area in 28 of 31 subjects, and this discrepancy 
although small, achieved statistical significance ([ 
<0.001). 

Patients with hypertension: The clinical characteris- 
tics of the patients with hypertension are listed in Table 
I. The hypertensive group was older than the other 2 
groups and the duration of hypertension averaged 5.€ 
years (range 2 to 20). These patients had a mean systol 


NORMAL HEART 


HYPERTROPHIC 
CARD IOMYOPATHY 





FIGURE 4. Relation between end-diastolic and end-systolic 
short-axis cross-sectional areas (CSAd and CSAs, 

ly) of the left ventricular wall. The regression line in (C) was 
slightly shifted downward. 


NOVEMBER 15, 1992 


Blood Pressure 


Age (yr)  Syst./Diast. 
Pt. (mm Hg) 


104/54 
124/60 
114/62 
114/70 
170/80* 
122/76 
120/60 
162/96* 
140/76 
138/50 
106/64 
106/60 
98/60 
120/76 
120/50 
116/80 
174/78* 
122/72 


l 
2 
3 
4 
5 
6 
7 
8 
9 


126 + 22 
/68 + 12 


*Subject with hypertension. 


%T VSTd PWTd 
(%) CSAs/CSAd (mm) (mm) ASH 


Cd Eo: ES SO Oo So + t + 


19.9 13.8 
+3.6 +3.4 


ASH = asymmetric septal hypertrophy; CSAd = end-diastolic cross-sectional wall area; CSAs = end-systolic cross- 
sectional wall area; Diast. = diastolic; %Lc = circumferential shortening; %Lm = meridional shortening; PWTd = 
end-diastolic thickness of posterior left ventricular wall; Syst. = systolic; %T = wall thickening; VSTd = end-diastolic 


thickness of the ventricular septum. 


ic blood pressure of 174 + 19 mm Hg and the mean 
wall thickness was 12.0 + 2.1 mm. No significant dif- 
ference was noted between circumferential (15.4 + 
3.9%) and meridional (15.7 + 2.5%) shortening (Fig- 
ures 2 and 3). The ratio of circumferential shortening to 
meridional shortening was 1.00 + 0.29. The end-systolic 
cross-sectional wall area was greater than the end-dia- 
stolic area in 18 of 19 subjects (end-systolic area/end- 
diastolic area = 1.11 + 0.07), and a significant increase 
in cross-sectional wall area was observed at end-systole 
(p <0.001) (Figures 3 and 4). In the hypertensive sub- 
jects, all the measured contractile parameters were not 
significantly different from those in normal subjects 
(Figure 3). 

Patients with hypertrophic cardiomyopathy: Echo- 
cardiograms of sufficient quality to make all the mea- 
surements could not be obtained in about half of the 
patients with HC that were examined originally. As a 
result, only 18 patients with HC who had no evidence of 
angina pectoris were studied. None had LV outflow ob- 
struction. Echocardiographic data for these patients are 
listed in Table II. Patients with apical hypertrophy (7, 
10 and 17) or concentric hypertrophy (5, 8 and 14) 
were included in this study. 

The presence of asymmetric septal hypertrophy was 
demonstrated in 11 patients. In these patients, circum- 
ferential shortening was depressed when compared with 
the other patients with HC (p «0.05). The other index- 
es of contraction were not significantly different be- 
tween the HC subgroups with and without asymmetric 
septal hypertrophy. Three of the 18 patients with HC 
- had concomitant hypertension, and they had a larger 
ratio of circumferential to meridional shortening than 
the other 15 patients without hypertension (p «0.01). 








TABLE Ill Coefficients of Variation (SD/mean value) 
Determined by Two Independent Observers (n — 20) 


Measurements Observer 1 Observer 2 


End-diastolic Lc 
End-systolic Lc 
End-diastolic Lm 
End-systolic Lm 
End-diastolic CSA 
End-systolic CSA 


CSA = short-axis cross-sectional area of the left ventricular wall; Lc = circumference 
of the short-axis left ventricular midwall; Lm = meridional perimeter along the 
long-axis left ventricular midwall. 


A significant difference was noted between circum- 
ferential (16.9 + 3.2%) and meridional (8.9 + 2.4%) 
shortening (Figure 2). The ratio of circumferential to 
meridional shortening (1.98 + 0.45) was markedly in- 
creased (p <0.001) (Figure 3). The mean wall thicken- 
ing (22.6 + 9.4%) was significantly reduced (p <0.01). 
Linear regression analysis of the relation between end- 
systolic and end-diastolic cross-sectional wall areas gave 
the equation: end-systolic area = 1.06 X end-diastolic 
area — 1.5 cm? (r = 0.98, p <0.001) (Figure 4). The 
end-systolic area to end-diastolic area ratio was 1.02 + 
0.05. No significant increase in cross-sectional LV wall 
area was observed during contraction. 

Accuracy of measurements: To assess the interob- 
server variability of the measurements, 2 independent 
observers performed planimetry of the same frame, and 
then 20 pairs of determinations of the LV meridional 
perimeter, LV circumference, and cross-sectional LV 
wall area were analyzed by the paired t test. The coeffi- 
cient of variation for each determination was calculated 
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by dividing the standard error by its mean, and was ex- 
pressed as a percentage (Table III). No significant in- 
terobserver differences were noted between any of the 
measured parameters. The coefficients of variation were 
sufficiently small to allow evaluation of the dimensional 
changes in the LV wall. 
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DISCUSSION 

Monitoring of LV internal dimensions by echocardi- 
ography and angiography has provided important infor- 
mation.!®!? However, there has been no examination of 
the correlations between meridional and circumferential 
shortening of the LV wall as indexes of overall LV per- 


96Wall Thickening 


aieo aguda mark- 


edly 

(crosses) (n = 18) compared with that in normal (black circles, 
(n = 31) or hypertensive (squares) (n = 19) subjects; thus, wal 
thickening in the cardiomyopathic group was relatively lower 
than that in the other 2 groups. 
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FIGURE 7. Effects of decreases in meridional shortening on left ventricular wall thickening and changes in cross-sectional wall 


areas. The degree of percent wall thickening for a given amount of circumferential shortening 
—M— (crosses) (n = 18) compared with that in normal 
Percent change 


ing was markedly depressed for 


patients with hypertrophic 
(black circles) (n = 31) or hypertensive (squares) (n = 19) subjects (A). 
circumferential shortening normalized to 


normalized to meridional shorten- 


in cross-sectional wall area was dimin- 
shortening in the cardiomyopathic group versus 


1330 THE AMERICAN JOURNAL OF CARDIOLOGY VOLUME 70 NOVEMBER 15, 1992 


formance, although some information concerning re- 
gional LV wall contraction is available.!5-?? The degree 
of myocardial wall shortening is reflected in wall thick- 
ening,?! and changes in LV internal dimensions are 
largely mediated by changes in wall thickness. Thus, the 
assessment of meridional and circumferential shorten- 
ing at the LV midwall was considered to be more appro- 
priate for the investigation of myocardial contraction. 

The present study showed that meridional and cir- 
cumferential shortening rates were similar in normal 
subjects, i.e., echocardiography showed evidence of “di- 
rection-independent" contraction. The complex struc- 
ture of muscle fibers in the LV wall may contribute to 
this pattern of contraction.*? In contrast, HC had dif- 
ferences in the dynamic geometry of the LV wall when 
compared with normal or hypertensive hearts (Figures 5 
and 6). In other words, direction-dependent contraction 
occurred in HC. 

With regard to systolic changes in cross-sectional 
LV wall area, similar findings in normal subjects have 
been reported by Feneley and Hickie.? Assuming that 
the volume of the LV myocardium is constant through- 
out the cardiac cycle,?^ and that radial contraction with- 
out longitudinal contraction occurs in the thick-walled 
cylindrical LV model,?!25 there would be no increase in 
cross-sectional wall area. However, if longitudinal con- 
traction occurs, cross-sectional wall area would increase. 
Based on our results, an increase of several percent in 
cross-sectional LV wall area was expected to occur with 
longitudinal contraction of the normal myocardium dur- 
ing systole. In contrast, patients with HC showed no 
significant increase in cross-sectional wall area at end- 
systole. It appears that both the reduced wall thickening 
rate and the lack of a detectable increase in cross-sec- 
tional wall area were due to reduced meridional short- 
ening in the group with HC (Figure 7). 

Although our patients with HC showed reduced wall 
thickening, they had a greater end-diastolic wall thick- 
ness than the normal subjects or the hypertensive pa- 
tients. As a result, the absolute increase in end-systolic 
wall thickness was greater in HC. Accordingly, systolic 
changes in LV internal dimensions are largely influ- 
enced by the increase in wall thickness in HC. There- 
fore, when the dynamic geometry of the left ventricle is 
evaluated on the basis of changes in internal dimen- 
sions, LV pump function in patients with HC may be 
estimated to be well-maintained or supernormal despite 
the presence of a decrease in contractility. 

It is unclear why myocardial contractility is de- 
pressed in HC. Myocardial ischemia associated with 
small coronary artery disease? and a decreased coro- 
nary flow reserve?! may possibly be part of the cause. 
Even if such an explanation is accepted, we cannot ex- 
plain why LV wall shortening was only reduced in the 
meridional direction. The alternative hypothesis, that 
the disparities between meridional and circumferential 
shortening can be accounted for by alterations of myo- 
cardial architecture in HC7925 is a much more likely 

explanation than the one related to blood supply. 
^ . Study limitations: The accuracy of our measure- 
ments relied on the accuracy of epicardial and endocar- 
dial edge detection. Both torsional deformation *2? of 


the LV wall and intrathoracic cardiac motion can influ- 
ence echocardiographic determinations, whereas lateral 
resolution problems?? may distort the echocardiographic 
images. However, the validity of the echocardiographic 
analysis used in this study is supported by previous re- 
ports.2?.30 

In the present study, the examined indexes of LV 
wall contraction were not significantly influenced by 
mild to moderate hypertension. In contrast, meridional 
shortening was remarkably depressed in patients with 
HC. In conclusion, we wish to emphasize that echocar- 
diographic detection of direction-dependent contraction 
can be a useful index for distinguishing HC from sys- 
temic hypertension. 
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Myocardial Disarray at Junction of Ventricular 
Septum and Left and Right Ventricular Free 





Walls in Hypertrophic Cardiomyopathy 


Toshiro Kuribayashi, MD, and William C. Roberts, MD 


The abnormality of the myocardium in hearts with 


hypertrophic cardiomyopathy (HC) was assessed 
regarding whether the muscle bundle in the mid- 
wall layer maintains its normal circular and con- 
tinuous orientation surrounding the left ventricu- 


lar (LV) cavity. Forty-seven autopsied hearts with 


HC were examined. The LV wall midway between 
the base and apex was divided into 6 segments in 
the transverse plane. Histologically, the circular 
orientation was destroyed largely or completely 
due to marked fascicle disarray in 77% of the an- 
terior and posterior junctional segments. In 33% 
of the middle portion of the ventricular septum 
and in 34% of the anterior and posterior portions 
of the LV free wall, the midwall layer showed dis- 
array of muscle fibers or small fascicles. In con- 
trast, the lateral LV free wall was devoid of disar- 
ranged fibers in its midwall layer. Myocardial fi- 
brosis usually was predominant in the portion 
where disarray was marked. There were deep tis- 
sue clefts often in the area of junction. In 11 
hearts (7 from patients aged >65 years), the cir- 
cular unit was intact in almost every segment, as 
it was in 9 of 10 control hearts. The destruction of 
the circular unit in the area of septal-free wall 
junctions in most patients with HC is a previously 
undescribed morphologic feature of HC. This dis- 
continuity may result from retention of an abnor- 
mal fetal myocardial architecture in which the sep- 
tal latitudinal muscle was continuous with the 
right ventricular free wall. 

(Am J Cardiol 1992;70:1333-1340) 
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myopathy (HC), myocardial disarray has gener- 

ally been considered a characteristic morphologic 
feature of this condition. Various kinds of myocardial 
disarray have been demonstrated in hearts with HC, in- 
cluding disarray of myofilaments, myofibrils, fibers and 
fascicles.!-$ The disarray, however, has lost its specific- 
ity for HC owing to its presence in some normal hearts 
and in hearts with various other diseases, particularly 
congenital heart disease.’-'’ In the present study, myo- 
cardial architecture was examined from a new point of 
view. In normal hearts, the muscle fiber orientation 
across the left ventricular (LV) wall approximately 
midway between the base and apex changes gradually 
from the endocardium to the epicardium, or to the 
right-sided endocardium, with latitudinal fibers pre- 
dominating in the midwall layer, and longitudinal or 
oblique fibers on its inner and outer sides. The midwall 
latitudinal fiber bundle is smoothly continuous between 
the LV free wall and ventricular septum, constituting a 
circular unit surrounding the LV cavity.!5-?? Thus, the 
LV midwall muscle bundle of hearts with HC was as- 
sessed to determine if it deviated from the normal circu- 
lar orientation, and if so, to what degree. 


S ince the report by Teare! on hypertrophic cardio- 


METHODS 

Subjects: We examined 47 necropsy hearts of pa- 
tients with HC and without severe LV fibrosis (Table 
I). Certain clinical and morphologic findings have been 
described elsewhere.*! Patients included 25 males aged 
11 to 71 years (mean 30 + 16), and 22 females aged 16 
to 83 years (mean 42 + 34); 8 patients were aged >65 
years. Nine of 13 patients with cardiac catheterization 
had LV outflow tract obstruction at rest or with provo- 
cation. Ten normal hearts also were examined. 

Tissue preparation: The LV wall was cut trans- 
versely midway between the base and apex, and divided 
into 6 segments (Figure 1): anterior and posterior areas 
of junction, middle portion of the ventricular septum be- 
tween the 2 junctions, and anterior, posterior and lateral 
segments of the LV free wall (the latter including the 
area immediately posterior to the anterior papillary 
muscle and most distant from both junctions). All 47 
hearts contained the anterior or posterior junctional seg- 
ment, or both, but did not always contain all 6 seg- 
ments. The lateral segment of all hearts available ap- 
peared obviously intact on macroscopic observation. 
Hence, the segment was sampled for tissue sections 
from 19 hearts with HC, the junctional segments of 
which macroscopically displayed severe derangement. 
Tissue sections (5 to 7 microns in thickness) were made 
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with Hypertrophic Cardiomyopathy 


Age (year) 
Male/female 
Family history 
Positive 
Unclear 
Mode of death 
Sudden 
Cardiac 
Noncardiac 
Unknown 
History of systemic hypertension* 
Heart weight (g) 
Ventricular septum thicker than free wall 
Left ventricular outflow 
Obstruction 
No obstruction 
Unknown 
Left ventricular cavity dilatation 
Epicardial coronary artery:disease 


















TABLE I Clinical and Gross Morphologic Data in 47 Patients 


11-83 (40 + 21) 
25/22 


6 
43 


29 (62%) 
6 (13%) 
9 (19%) 
3 (6%) 
5 (11%) 
250—1,250 (524 + 206) 
34 (72%) 


9 (19%) 
4 (9%) 
34 (72%) 
11 (23%) 
3 (6%) 


*Systolic pressure > 140 mm Hg or diastolic pressure >90 mm Hg, or both; 
pressure gradient > 30 mm Hgeat rest or with provocation. 





parallel to the transverse plane and stained with Mas 
son’s trichrome. 

Assessment of myocardial abnormality: In each c 
the 6 wall segments, the assessment was performed b 
microscopic observation under a magnification of X8 t 
20. The extent to which the midwall fiber bundle devi 
ated from the circular orientation was graded as fol 
lows: 0, individual muscle fibers in the midwall laye 
were normally arranged (Figures 2A, 3D, 4D and 5B; 
1+, muscle fibers in the midwall layer were slightly de 
viated from parallel alignment mainly due to the deve! 
opment of side branches, but the fiber bundle as a whol 
had clear circular orientation (Figures 3B and 4C); 24 
muscle fibers and small fascicles in the midwall laye 
were considerably disarranged, but the latitudinal mu: 
cle bundle as a whole maintained a circular orientatio 
(Figures 2D, 3C and 4B); 3+, muscle fibers or fascicle: 
or both, in the midwall layer were highly disarrangec 
and there was no circular unit of muscle bundle (Fig 
ures 2B, 2C, 3A and 4A). 

Fibrosis in the midwall layer was graded as follow: 
0, no fibrosis; 1+, increased interstitial fibrosis; and 24 


FIGURE 1. Transversely cut surface of ventricular wall approximately midway between base and apex. A, normal heart. B to L 
hearts with hypertrophic cardiomyopathy. A, circular muscle layer through midwall, which is smoothly continuous between ven 
tricular septum and left ventricular free wall. B, in area of anterior junction on right side, ventricular septum comprises 2 compc 
nents (asterisks): 1 continuous with right ventricular free wall and the other with left ventricular free wall, the 2 being separate 
by a large tissue cleft. In area of posterior junction, there is fiber bundle oriented from septal midwall toward right ventricle 
(black arrows). There are deep endocardial notches in junctional areas (white arrows). C, posterior half of heart. In area of 
junction between septum and left ventricle, there are fiber fascicles oriented perpendicularly to circular direction surrounding let 
ventricle. D, posterior junction. There is fiber bundle that is continuous between ventricular septum and right ventricular free 


wall (arrowheads). 
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focal replacement scars of various sizes (Figure 2C). In 
addition, tissue clefts of unknown nature lined with en- 
dothelium often were present in the area of junction and 
were graded as follows: 0, no cleft; 1+, <3 clefts; and 
2+, clefts present in mesh-like fashion (Figure 5A). En- 
docardial notches partly due to large trabeculae carneae 
(Figure 1B), which also were not rare in the junctional 
areas of hearts with HC, were not considered to be the 
tissue cleft. 

Furthermore, histologic features were assessed sepa- 
rately in the small area of junction between the ventric- 
ular septum and right ventricular free wall, because this 
area appeared somewhat different from other areas in 
that pathologic changes were not rare in normal control 
hearts (Figure 5B). The deviation of individual muscle 
fibers from parallel alignment and the presence of inter- 
stitial fibrosis or scars each were given scores of 0 to 2+ 
according to severity. 

Statistical analysis: The grade of abnormalities be- 
tween hearts with HC and normal hearts were com- 
pared by the Mann-Whitney test. The grade of abnor- 
malities between the 6 portions of the hearts with HC 


was compared by either chi-square or Fisher’s exact 
test, as appropriate. 


RESULTS 

Normal hearts: The midwall muscle layer almost al- 
ways formed a smooth circular unit surrounding the LV 
cavity macroscopically and microscopically (Figures 
1A, 2A and 6A, and Table II). In the small area of 
junctions between the ventricular septum and right ven- 
tricular free wall, myocyte disarray and fibrosis were 
not rare in control hearts, although the severity was sig- 
nificantly lower than in the hearts with HC (Table III). 
Furthermore, the disarray and fibrosis in this portion of 
the normal heart did not extend to the middle circular 
muscle bundle (Figures 5B and 6A). 

Hearts with hypertrophic cardiomyopathy: The cut 
surface of hearts with HC usually did not have the 
smooth continuity between the ventricular septum and 
LV free wall; there often was a fiber bundle directed 
from the ventricular septum toward the right ventricu- 
lar free wall (Figure 1, B to D). The histology of the 
junctional area revealed fascicle disarray, with individu- 
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FIGURE 2. Lt (L) and right (R) ventricular ree wals, and ventricular spt (S). A, posterior area of junction rom same hear 


ing left ventricle. B to D, hearts with hypertrophic 


. B, posterior area of junction. Normally oriented latitudinal 


cardiomyopathy 
muscle fiber bundles in left ventricular free wall and S are involved in fascicle disarray and lose their continuity at junction. C, 
posterior junctional area. There is large focal or replacement fibrosis at junction, with marked fascicle disarray of middle latitu- 
dinal muscle layer on both septal and left ventricular sides. D, from same specimen as in Figure 1D. Left, there is fiber fascicle 


oriented from S to right ventricular free wall. Right, 


disarray and replacement fibrosis disturbing circular orientation 


myocardial 
of muscle bundie. Original magnification: A, C and D <8, and B X14; reduced by 30%. 
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al fibers in each fascicle usually having an almost paral- 
lel alignment (Figures 2, B to D, 3A, 4A and 6B), a 
type previously described in the study by Maron and 
Roberts.? There was a grade 2+ or 3+ abnormality in 
66 of 86 junctional segments (77%) (Table II). 

The ventricular septal segment had a grade 2+ ab- 
normality in 31% of cases, but grade 3+ in only 2% 
(Table II). Disarray in the midwall layer of the ventric- 
ular septal segment usually was of muscle fibers or 
small fascicles (Figures 3B, 4B and 6B), with develop- 
ment of side or oblique branching from individual myo- 
cytes. In approximately half of hearts with HC, the lo- 
cation of the septal latitudinal muscle bundle deviated 
rightward due to preponderance of the left-sided longi- 
tudinal fiber layer; sometimes it was divided into several 
fascicles parallel to each other, with longitudinal fibers 
intervening between them. 

In the anterior and posterior LV segments also, 
myocardial diarray of the midwall layer was mostly of 
muscle fibers or small fascicles, or both (Figures 3C, 4C 
and 6B). The grade of abnormality did not significantly 
differ from that in the middle ventricular septum (Ta- 
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FIGURE 3. All panels are from 
dicularty or obliquely to each other, and circular 
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The lateral LV walls were devoid of disarray in the 
midwall layer, even when a grade 3+ abnormality was 
present in the junctional areas (Figures 3D, 4D and 6B; 
Table II). Thus, there usually was a gradient of abnor- 
mality of the bundle from the junctional area towarc 
the middle ventricular septum and LV lateral wall (Fig: 
ure 6B). 

Myocardial disarray was not rare in the layers or 
both sides of the midwall layer in which muscle fibers 
were oriented longitudinally. Disarray in these layers 
occurred in combination with a significant abnormality 
of the midwall layer (Figures 3C, 4, A to C, and 6B) 
Mild disarray of longitudinal muscle fibers was alsc 
seen in the portion where the papillary muscles or large 
trabeculae carneae were attached (Figure 6). 

Interstitial and focal fibrosis also was most markec 
in the junctional segments (Table II). In 39 segment: 
(45%), relatively large foci of fibrosis covered the entire 
width of the midwall layer at the junction between the 
ventricular septum and LV free wall; in 12 (14%), i! 
was present as an isolated lesion in contact with or sur 
rounded by severe fascicle disarray (Figure 2C). Thi: 
type of fibrosis could easily be identified as a whitisl 
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kaart as Ín Figure 18. A, posterior unctio. Relatively large tancicles abo miini Pirn 
component surrounding 


left ventricle is lacking at all. There is a fascicle orient- 
to that identified by black arrows in Figure 1B. B, 


ed from septal midwall toward right ventricle (asterisk), which 
middie ventricular septum (S). C, posterior left ventricular free wall (L). B and C, alignment of individual muscle fibers or small 
fascicles in midwall layer is considerably deviated from parallelism to each other, but muscle bundle of layer as a whole main- 

tains clear circular orientation. C, there is disarray in longitudinal muscle layer on /eft (epicardial side). D, lateral left ventriculai 
free wall, with midwall layer showing neither muscle fiber disarray nor deviation from circular orientation. R — right ventricular 
free wall. Original magnification: A X10, B and D x20, and C X14; reduced by 30%. 
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spot on the cut surface of the formalin-fixed hearts. In- 
terstitial fibrosis also was frequent in the midwall layer 
of the junctional area, ventricular septum, and anterior 
and posterior LV free wall. The lateral LV free wall 
segments contained little fibrous tissue (Figures 3D and 
4D). 

Deep tissue clefts were restricted in the junctional 
segments, with a predominance in the anterior one (Ta- 
ble II). They were mainly located in the subepicardial 
layer (Figure 5A), occasionally involving the midwall 
layer. The walls of the clefts were lined with a simple- 
layered endothelium. The adjacent myocardium usually 
had marked fascicle disarray. 

Histology of the right ventricular transverse sections 
revealed that fiber disarray was present in the latitudi- 
nal layer and that its hypertrophy was mainly due to 
thickening of the inner layer in which muscle fibers 
were oriented longitudinally (Figure 5, C to D). 

In 11 of 47 hearts with HC (23%), the abnormality 
of myocardial architecture was graded 0 or 1+ in all 6 
LV wall segments, although their mean heart weight 
(506 g) was similar to other groups with a grade 2+ or 
3+ abnormality (Table I). The 11 patients comprised 7 
females (aged 47 to 83 years) and 4 males (aged 14 to 
71 years, mean 60); 7 patients were aged >65 years. 
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FIGURE 4. All panels are from same heart as in Figure 1C. A, 
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normality was 25 years. Of the aforementioned 11 pa- 
tients, none had family history of HC, 4 died suddenly 
(1 had coronary artery disease), 5 died from noncardiac 
causes, 2 died of congestive heart failure, 3 had history 
of systemic hypertension, and 5 had ventricular septa 
thicker than the LV free wall. Only 2 of the 11 patients 
had a grade 2+ fibrosis in the junctional segments asso- 
ciated with that in other segments. The grade of abnor- 
mal continuity did not differ between patients with and 
without LV outflow obstruction. 


DISCUSSION 

The findings in this study were obtained by macro- 
scopic inspection of the transversely cut surfaces of the 
heart and by low-magnification microscopic observation 
of the tissue sections. In 36 of 47 hearts with HC (7790), 
the circular muscular layer surrounding the LV cavity 
was destroyed by fiber and fascicle disarray (Figure 6). 
Whittaker et al? found a similar result. Considering the 
functional importance of the circular unit for the gener- 
ation of LV pressure,!??? this abnormality of myocardi- 
al architecture should add another significant patholog- 
ic aspect to HC. 

It is widely accepted that myocardial disarray usual- 
ly is present in normal hearts also, particularly in the 
area of junction.?:®7:!0.!5-18,21,22 This led to the exclusion 
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muscle bun- 


die between ventricular septum (S) and left ventricular free wall (L) due to severe fascicle disarray. B, middle portion of ventricu- 
lar septum. C, posterior portion of L. B and C, circular orientation is maintained despite presence of considerable fiber disarray. 
Disarray is present in longitudinal muscle layers on both sides of the midwall layer. D, lateral L showing normal myocardial ar- 
chitecture. R = right ventricular free wall. Original magnification: A X10, and B to D X20; reduced by 30%. 
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of this area from quantitative estimation of myocardial 
disarray in previous studies.*?* The present study dem- 
onstrated that disarray in normal hearts was almost al- 
ways restricted in the small area of junction between the 
ventricular septum and right ventricular free wall, with 
rare involvement of the LV midwall muscle layer. How- 
ever, the area of junction in many hearts with HC 
showed disarray of relatively large fascicles in the mid- 
wall layer. It was previously described that fascicle dis- 
array in hearts with HC is usually present in the mid- 
wall layer??? and in or near the area of junction. 
Myocardial fibrosis also was most marked in and 
near the area of junction. Fibrosis is often associated 
with disarray in hearts with ischemia or HC.?!7?? The 
present study showed that severe disarray was often 
present predominantly in these areas of junction even in 
the absence of fibrosis, and hence disarray in hearts 
with HC may not necessarily be secondary to fibrosis. 
Teare, and James and Marshall reported that 
deep tissue clefts were present in 2 of 8 and 7 of 22 
hearts with HC, respectively. They also found that the 
clefts were always lined with endothelium similar to 
normal endocardium and occasionally continuous with 
the right or LV cavity, or both, but not with vessels. 
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FIGURE 5. A, anterior area of junction from heart 
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It is unlikely that a synchronous muscle contraction 
would occur in the area of junction in the presence of 
these abnormalities; they may disturb the transmission 
of electrical activation and have a mechanical influence 
on the sequence and efficacy of muscle contraction, 
leading to the derangement of both the contraction 
phase and the tension direction.?*?^ The absence of syn- 
chronism here should affect the orientation of muscle 
fibers contiguous with this area, with the effect decreas- 
ing as the muscle fibers become distant. The normal 
orientation of muscle fibers is believed to need the pres- 
ence of a properly fixed polarity; when the chordae are 
disconnected from the mitral valve, the papillary muscle 
develops muscle fiber disarray.’ Furthermore, it has 
been suggested that myocytes and myofibrils are 
aligned in accordance with direction of a linear force 
induced by contraction of a group of muscle cells.!^?6 

The situation in which the continuity of midwall 
muscle bundle between the LV free wall and ventricular 
septum is disturbed by fascicle disarray, fibrosis and tis- 
sue clefts is similar to that in WKY/NCrj (Wistai 
Kyoto) normotensive rats.*’ The study of rats suggested 
that the discontinuity may result from an abnorma! 
myocardial architecture in the fetus in which the septa. 
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hypertrophic cardiomyopathy. Mesh-like tissue clefts with marked fasci 


cle disarray in adjacent myocardium. B, normal heart. In area of junction between ventricular septum (S) and right ventricular 


free wall (R), there are muscle fiber disarray and interstitial fibrosis. Left, smoothly oriented middle latitudinal muscle fibers. C, 
right ventricle from normal heart. Muscle fiber orientation is similar to that in left ventricle, with latitudinal fibers in midwall lay: 
er and longitudinal fibers on both sides. D, right ventricle from same heart as in Figure 1C. Latitudinal fibers show disarray. 
Wall thickening is mainly due to thickening of inner layer that consists of longitudinal fibers. L — left ventricular free wall. Origi- 
nal magnification: A X7, B X16, C x27, and D X12; reduced by 30%. 
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latitudinal muscle bundle was continuous with the right ity soon after birth; the discontinuity may develop as an 
ventricular free wall.” The abnormal rightward conti- expression of the failure of postnatal conversion of the 
nuity, once establishd before birth, may be difficult to continuity from the rightward to the leftward. This 
remedy because myocytes lose their proliferating capac- speculation may be valid in the present human hearts 


TABLE Il. Semiquantification of Abnormal Myocardial Architecture, Fibrosis and Tissue Clefts in Various Ventricular Wall Segments 


Anterior Posterior Middle Left Ventricular Free Wall (%) 
Area of Area of Ventricular 
Junction (%) Junction (%) Septum (%) Anterior Posterior Lateral 


HC N HC N HC N HC N HC N HC N 
(n241) (n=10) (n=45) (n=10) (n245) (n=10) (n=39) (n210) (n=43) (n210) (n=19) (n= 10) 


Myocardial 

architecture grade 

0 

1+ 

2+ 

3+ 
Versus N 
Versus VS p «0.001 
Fibrosis grade 

0 12 

1+ 41 

24 47 
Versus N p «0.01 
Versus VS p «0.001 
Tissue cleft grade 

0 

1+ 

2+ 
Versus N p «0.01 
Versus PJ p «0.01 

Number of sampled specimens in HC group is smaller than number of patients (47), because all 6 segments could not be sampled from all hearts. Incidence of each grade was 


expressed as percentage in HC groups, but as number in normal groups. 
HC = hearts with hypertrophic cardiomyopathy; N = normal control hearts; NS = not significant; PJ = posterior area of junction; VS = middle ventricular septum. 
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FIGURE 6. Diagrams showing myocardial architecture of ventricular walls in midventricular transverse plane of normal heart 
and one with hypertrophic cardiomyopathy (HC). Anterior surface of heart is on top. A, latitudinal fiber layer that is smoothly 
continuous surrounding left ventricular cavity in normal heart. B, longitudinal fiber layer that is well developed on left side of 
ventricular septum and in inner layer of right ventricular free wall in heart with HC. C, fascicle disarray that is marked in area of 
junction of 3 ventricular walls in heart with HC. D, fiber disarray that is marked in portion adjacent to fascicle disarray, but re- 
lieved as it becomes distant from junctional areas. E, disarray in longitudinal fiber layer, which is present in continuity with fas- 
cicle or fiber disarray in midwall latitudinal layer. Disarray in normal heart is restricted in small area of junction between ventric- 
ular septum and right ventricular free wall and area adjacent to papillary muscles. 
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TABLE IlI Myocyte Disarray and Fibrosis in the Small Area of 
Junction Between the Ventricular Septum and Right Ventricular 
Free Wall 


Posterior 
Junction (26) 


Anterior 
Junction (96) 


HC N HC N 
(n= 36) (n=10) (n=42) (n= 10) 


Myocyte disarray grade 
0 
1+ 
2+ 
Versus N 
Fibrosis grade 
0 
1+ 
2+ 
Versus N 


Abbreviations as in Table Il. 


with HC, many of which had fiber fascicles obviously 
directed from the ventricular septum toward the right 
(Figures 1, B to D, 2D, 3A and 4A). 

Recently, a subset of HC with relatively good prog- 
nosis was reported to occur predominantly in elderly pa- 
tients.2?-3! The apical 4-chamber view of 2-dimensional 
echocardiograms revealed that the elderly patients had 
an ovoid contour of the LV cavity, whereas a younger 
group had a crescent-shaped LV cavity and an ovoid- 
shaped right ventricle due to a reversed septal curva- 
ture." Unlike the young patients, the elderly ones had 
good systolic leftward excursion of the ventricular sep- 
tum.?! A reversed septal curvature and crescent-shaped 
LV cavity are also found in many autopsied hearts with 
HC when they are cut longitudinally.!^?! This may in 
part correspond to the present findings expressed in the 
transverse plane, in which the septal latitudinal muscle 
bundle was not continuous with the left, but was direct- 
ed toward the right. Therefore, the 11 HC hearts with 
an intact circular unit (also obtained mainly from elder- 
ly patients) may correspond to the subset of HC with an 
ovoid LV cavity. 


Acknowledgment: We are grateful to Michael Spen- 
cer for expert photographic assistance. 
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The reproducibility of a variety of Doppler indexes 
of diastolic function in an epidemiologic setting 
and in atrial fibrillation have not been reported. 
This study examined the reproducibility of left 
ventricular inflow in subjects in sinus rhythm 

(n = 80) and atrial fibrillation (n = 12), randomly 
selected from the original cohort of the Framing- 
ham Heart Study. The following Doppler indexes 
were assessed for all subjects: peak and integral 
of early (E) diastolic inflow velocity, acceleration 
slope and time, deceleration slope and time, and 
pressure half-time. For subjects in sinus rhythm, 
the following parameters also were measured: the 
peak and integral of late (A) diastolic inflow veloci- 
ty, ratios of peak velocities and integrals E/A, and 
atrial filling fraction. Intraobserver and interob- 
server variability were evaluated by statistical 
methods including Student's f test of the system- 
atic differences (bias), percent bias, correlation co- 
efficients, measurement precision, and percent 
precision. In subjects in sinus rhythm, although 
the interobserver bias was statistically significant 
for most of the parameters, it was <10% for all 
but 1 parameter (acceleration time). For the peak 
and integral measures, the intra- and interob- 
server correlations were 20.89, with intra- and in- 
terobserver percent precision measures within 2.2 
to 13.0% of the corresponding mean values. The 
acceleration, deceleration and pressure half-time 
measures had somewhat lower correlations (inter- 
observer correlations ranging from 0.59 to 0.96), 
with percent precision measures further from the 
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corresponding means (interobserver percent preci- 
sion ranging from 10.1 to 19.596). The analyses 
of subjects with atrial fibrillation showed similar 
trends, despite the biologic (cycle-to-cycle) vari- 
ability intrinsic to this arrhythmia. In conclusion, 
in an epidemiologic setting, the majority of Dopp- 
ler indexes of diastolic function demonstrate ex- 
cellent measurement reproducibility, especially 
the peak and time velocity integral measurements. 
Measurement variability may limit the reproduc- 
ibility of early diastolic acceleration and decelera- 
tion parameters. 

(Am J Cardiol 1992;70:1341-1346) 


noninvasive assessment of left ventricular dia- 

stolic function.'? Doppler measurements of mi- 
tral inflow reflect left ventricular filling dynamics and 
the instantaneous pressure differences between the left 
atrium and left ventricle. The Framingham Heart 
Study is investigating the associations and prognosis of 
Doppler-assessed indexes of diastolic function. Prior in- 
vestigations have examined the reproducibility of Dopp- 
ler indexes of diastolic function in limited numbers of 
normal subjects in clinical settings.-? The reproducibili- 
ty of a wide array of Doppler mitral inflow indexes in 
an unselected population-based study has not been pre- 
viously reported. The present study was designed to 
evaluate the reproducibility of Doppler indexes of dia- 
stolic function in a sample of the original cohort of the 
Framingham Heart Study. 


I) oppler echocardiography is a useful tool for the 


METHODS 

Study population: The Framingham Heart Study 
was begun in 1948. A sample of residents of Framing- 
ham, Massachusetts, between the ages of 28 and 62 
years, was selected to undergo follow-up examinations 
every 2 years. Selection criteria and study design have 
been previously described.!0-!? From 1987 to 1990, 
1,202 survivors of the original cohort underwent their 
20th examination at the clinic. M-mode, 2-dimensional 
and pulsed-wave Doppler echocardiograms were rou- 
tinely performed at the index 20th examination. 

For the present study, 80 subjects in sinus rhythm 
and 12 subjects with atrial fibrillation were randomly 
selected by computer from the original Framingham co- 
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hort who attended the index examination. Eligibility cri- 
teria for this study were as follows: heart rate <100 
beats/min, no implanted pacemaker, no mitral prosthe- 
sis or stenosis, and a technically adequate Doppler trac- 
ing of mitral inflow. Subjects were not excluded on the 
basis of systemic hypertension, coronary heart disease 
or congestive heart failure. Doppler mitral inflow re- 
cordings were considered adequate if (1) the angle be- 
tween the echo beam and the mitral inflow was <30°, 
(2) the sample volume was properly positioned, and (3) 
the Doppler envelope definition was sufficiently distinct 
to measure accurately. According to these criteria, 
1,148 subjects (95%) had adequate imaging of Doppler 
mitral inflow. 

Doppler examination of diastolic function: Doppler 
echocardiographic examinations were performed with a 
Hewlett-Packard (model 77020AC) ultrasound ma- 
chine. A 2.5 MHz transducer was used in all studies. 
Each subject was examined in the left lateral decubitus 
position. Doppler examination of mitral inflow was per- 
formed from the apical 4-chamber view with the sample 
volume placed at the level of the mitral annulus. Pulsed 
Doppler waveforms were recorded at sweep speeds of 50 
or 100 mm/s. 

Quantitative analysis of Doppler indexes of diastolic 
function: Using an off-line analysis program (Freeland 
Systems, Division of Prism Imaging Inc., Louisville, 
Colorado), 3 frames (subjects in sinus rhythm) or 6 
frames (subjects in atrial fibrillation) of digitized mitral 
inflow images were selected from analog tape and 
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stored in digitized form on floppy disks for analysi: 
Each frame had 1 to 4 potential waveforms availabl 
for quantitative analysis. 

All measurements in this study were obtained by 
cardiologists (MG and EJB), and represented the avei 
age values of 3 to 5 waveforms for subjects with sinu 
rhythm and 7 to 10 waveforms for subjects with atri: 
fibrillation. For all readings, the measured Dopple 
waveforms were independently chosen by each observe 
among 3 (sinus) to 6 (atrial fibrillation) digitize 
frames. Doppler measurements were obtained from tt 
digitized images using the digital analysis system. T 
enhance reproducibility, the outer margins of the Dop] 
ler waveforms were traced. If the margins of the wav 
forms were indistinct, the observers ignored the “noise 
artifact. 

Figure 1 illustrates a schematic waveform and tl 
measured parameters. In subjects with sinus rhythm tt 
peak early diastolic inflow velocity coincident with tl 
“E” wave, peak late diastolic flow velocity coincide: 
with *A" wave, and the ratio of peak early to late velo 
ities (peak velocity E, A and E/A, respectively) we 
measured. In addition, the time velocity integral of ear 
diastolic inflow, late diastolic inflow, and the ratio : 
early to late inflow (time velocity integral E, A ar 
E/A, respectively) were also assessed. If there was ove 
lap between the E and the A wave, time velocity int 
gral E was considered the integral under the E wa 
extrapolated through the A wave to the baseline. If tł 
heart rate was slower, and the E and the A waves d 


Diastasis 


FIGURE 1. Diagram of mitral inflow waveform. Acceleration slope = slope of the line from D to E point (m/s?); acceleration tim 


from D to E point (s); atrial filling fraction = the ratio of the time velocity integral 


A/diastole (ratio); slope = slope c 


the line from E to F; point (m/s?); deceleration time = time from E to F, point (s); peak velocity A = velocity of the active atrial 
wave, or late diastolic inflow (m/s); peak velocity E = velocity of the passive E wave, or earty diastolic inflow (m/s); peak veloci 
E/A = ratio of the velocity of the early late diastolic inflow (ratio); pressure half-time = time from E point to the point where th 
velocity is 0.707 of the peak velocity E (s); time velocity integral A = area under the A-wave curve (A; to A to C) (m); time velo 
ty integral E = area under the E-wave curve (D to E to F2) (m); time velocity integral E/A = ratio of the area under the E wave/ 
wave (ratio); time velocity integral diastole = area under the E, A and diastasis curve (m); time velocity integral E/diastole = rai 
of the area under the E wave/total diastolic mitral inflow. See Methods section for details on the handling of diastasis, and ove 
lapping E and A waves. 
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not overlap, then the time velocity integral E was ex- 
trapolated through diastasis to the baseline; the remain- 
ing small amount of flow during diastasis in mid-dias- 
tole was not included in the integral of either the E or 
the A wave. The atrial filling fraction was defined as 
time velocity integral A/diastole, where time velocity 
integral of diastole included time velocity integrals (E + 
A + diastasis). In addition, the following early diastolic 
parameters were also assessed: the acceleration slope 
and acceleration time (which are the slope and time of 
acceleration from the onset to the peak of E wave); the 
deceleration slope and the deceleration time (which are 


TABLE I Reproducibility of Doppler Indexes of Diastolic 
Function in 80 Subjects with Sinus Rhythm 


Mean: 2 Correlation 
Readings Coefficient Bias Precision %Bias %Precision 


Intraobserver | 


Peak velocity E 

0.45 >0.99 
Peak velocity A 

0.64 0.99 
Peak velocity E/A 

0.73 0.99 
Time velocity integral E 

0.08 0.99 
Time velocity integral A 

0.05 0.98 
Time velocity integral E/A 

1.44 0.92 
Atrial filling fraction 

0.38 0.97 
Acceleration slope 

5.83 0.96 
Deceleration slope 

2.13 0.97 
Acceleration time 

0.07 0.95 
Deceleration time 

0.15 0.78 
Pressure half-time 

0.08 0.93 


0.002 0.016 


0.004 0.017 


—0.003 0.012 


« 0.001 0.003 


« 0.001 0.002 


— 0.002 0.075 


0.002 0.012 


—0.210* 0.524 


0.0251 0.169 


0.0021 0.005 


—0.005 0.019 


—0.001t 0.006 


Peak velocity E 

0.43 » 0.99 
Peak velocity A 

0.63 » 0.99 
Peak velocity E/A 

0.70 0.99 
Time velocity integral E 

0.07 0.98 
Time velocity integral A 

0.05 0.97 
Time velocity integral E/A 

1:35 0.89 
Atrial filling fraction 

0.40 0.89 
Acceleration slope 

6.46 0.77 
Deceleration slope 

2.07 0.96 
Acceleration time 

0.06 0.73 
Deceleration time 

0.15 0.79 
Pressure half-time 

0.08 0.86 


0.002 0.011 


0.003 0.014 
0.001 0.024 
0.001 0.004 
0.001* 0.003 
0.003 0.122 
0.003 0.023 
20:552*. HSBS 
0.017} 0.200 
0.004* 0.010 
—0.003 0.020 


>-0.001¢ 0.008 





the slope and the time from the peak of the E wave to 
the beginning of diastasis); and the pressure half-time 
(elapsed time from the E peak to the point on the decel- 
eration slope at which the velocity is 0.707 of the peak 
velocity E). In subjects with atrial fibrillation, who lack 
A waves, the following parameters were assessed: peak 
and time velocity integral E, time velocity integral 
(E/diastole), acceleration slope and time, deceleration 
slope and time, and pressure half-time. 

Reproducibility analysis: Intra- and interobserver 
variability was assessed at regular intervals during the 
measurement period. Each observer measured in dupli- 
cate (on different days) random samples of 20 for a 
total of 80 subjects with sinus rhythm, and 12 subjects 
with atrial fibrillation. Intraobserver variability was as- 
sessed on paired readings obtained by the same observ- 
er. Interobserver variability was assessed on paired 
readings obtained by each of the observers. The first 
reading of each observer was considered for the statisti- 
cal analysis of interobserver variability. 

Statistical methods: Several different methods were 
used to analyze the reproducibility and the sources of 
variability. The analyses were performed separately in 
the samples of subjects with sinus rhythm and atrial fi- 
brillation. The Student's ¢ test of the mean differences 
between paired readings (intraobserver and interob- 
server) (x; — X2) was used to determine the significance 
of the systematic difference (bias) for each source of 
variability. The percent bias was computed as the per- 
cent difference in the means by the following equation: 
100[x; — x2) /(x1 — X2)/2]. The Pearson correlation 
coefficients for paired measurements were also calculat- 


TABLE I (Cont'd) 


Mean:2 Correlation 
Readings Coefficient Bias Precision %Bias %Precision 


Interobserver 


Peak velocity E 
0.44 
Peak velocity A 
0.63 0.97 
Peak velocity E/A 
0.71 0.97 
Time velocity integral E 
0.07 0.94 
Time velocity integral A 
0.05 0.93 


0.98 0.0194 
0.011 

0.0201 
0.0071 


0.001 


Time velocity integral E/A 


1.39 0.90 
Atrial filling fraction 
0.39 0.93 
Acceleration slope 
5.95 0.86 
Deceleration slope 
2.11 0.96 
Acceleration time 
0.07 0.59 
Deceleration time 
0.15 0.76 
Pressure half-time 
0.08 0.81 0.0011 
*p «0.05; fp «0.01; 1p «0.001. 


Statistical significance is relative to t test of the mean differences between paired 
readings (un'ess otherwise noted the t test was not significant; p > 0.05). 


0.0871 
—0.0151 
—0.4641 

0.0681 

0.0101 


—0.001 
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ed. The precision of the measurements (random vari- 
ability) was computed as the mean of the absolute value 
of the differences [(Z]x: — x4)/n], where n = number 
of subjects. The percent precision was determined as 
100[(2]xi — xd) /n]/[(&i + x2)/2]. 






TABLE Il Reproducibility of Doppler Indexes of Diastolic 
Function in 12 Subjects with Atrial Fibrillation 


Mean: 2 Correlation 
Readings Coefficient Bias Precision %Bias %Precision 


Intraobserver | 



















































Peak velocity E 

0.63 >0.99 —0.009 0.013 -1.4 2.0 
Time velocity integral E 

0.07 0.92 0.004 0.007 5.9 8.7 
Time velocity integral E/diastole 

0.81 0.99 0.008 0.016 0.9 1.9 
Acceleration slope 

8.91 0.48 —0.965 1.204 -10.8 13.5 
Deceleration slope 

5.16 0.87 —0.695 0.814 -13.5 15.8 
Acceleration time 

0.07 0.70 0.004 0.006 5.3 9.4 
Deceleration time 

0.11 0.85 0.009 0.013 8.6 11.7 
Pressure-half-time 

0.05 0.87 0.002 0.004 3.6 8.6 








Peak velocity E 


0.64 » 0.99 —0.001 0.013 —0.1 2.1 
Time velocity integral E 

0.08 0.99 0.001 0.002 0.9 3.0 
Time velocity integral E/diastole 

0.78 0.96 0.015 0.025 1.9 3.2 
Acceleration slope 

8.34 0.62 0.289 1.023 3.5 12.3 
Deceleration slope 

4.50 0.99 0.128 0.276 2.8 6.1 
Acceleration time 

0.07 0.71 0.004 0.009 5.1 12:3 
Deceleration time 

0.10 0.93 0.001 0.008 0.6 7.7 
Pressure half-time 

0.05 0.86 » —0.001 0.005 —0.2 8.7 








Peak velocity E 


0.63 » 0.99 —0.010 0.017 —1.6 2.7 
Time velocity integral E 

0.08 0.98 —0.005* 0.006 —6.1 7.3 
Time velocity integral E/diastole 

0.80 0.93 0.030* 0.043 3.7 5.4 
Acceleration slope 

8.46 0.72 —0.058 0.965 —0.7 11.4 
Deceleration slope 

4.69 0.98 0.243* 0.320 5.2 6.8 
Acceleration time 

0.07 0.96 — 0.002 0.006 -2.5 8.6 
Deceleration time 

0.11 0.76 0.011 0.015 10.2 13.9 
Pressure half-time 

0.05 0.82 —0.003 0.005 —6.4 10.2 










*p «0.05. ; 
Statistical significance is relative to t test of the mean differences between paired 
readings (unless otherwise noted the t test was not significant; p > 0.05). 


RESULTS 

The subjects randomly selected from this elderly co- 
hort for inclusion in the current study had an average 
age of 75 years (range 69 to 90). The subjects’ mean 
heart rate was 63 beats/min, and their mean PR inter- 
val (for subjects in sinus rhythm) was 0.17 second. The 
mean systolic blood pressure of the study subjects was 
144 mm Hg (range 100 to 200). 

The reproducibility of Doppler parameters of dia- 
stolic function is presented separately for subjects in si- 
nus rhythm (Table I) and atrial fibrillation (Table IT). 
For subjects in sinus rhythm (Table I) the tests of the 
systematic differences of intraobserver readings (bias) 
were significant only for observer II’s measure of time 
velocity integral A and for both observers’ measures o! 
acceleration slope and time, deceleration slope and pres- 
sure half-time. The intra-observer correlation coeffi- 
cients were 20.89 for all analyzed parameters except 
for observer II's acceleration slope and time, and pres- 
sure half-time, and both observers’ deceleration time. 
The intraobserver percent bias was <10% for all mea- 
sured parameters. The intraobserver percent precisior 
measures were within 10% of the corresponding mear 
for all parameters except deceleration time (both ob- 
servers) and for acceleration slope and time, and pres 
sure half-time (observer II). 

The interobserver variability for subjects in sinu: 
rhythm is presented in Table I. Whereas the interob- 
server bias was statistically different for the majority o! 
the measured parameters, the percent bias only exceed: 
ed 10% for acceleration time. The interobserver percen 
precision measures were >10% from the correspondin; 
mean for the time velocity integral E and E/A, accel 
eration time and slope, deceleration time and slope, anc 
pressure half-time. For acceleration slope, deceleratior 
time, and pressure half-time, there was relatively weal 
interobserver agreement. However, the level of agree 
ment between readers for the other assessed parameter: 
was very high, as evidenced by correlation coefficient 
ranging from 0.90 to 0.98 for the peaks and integrals o 
flow velocity and atrial filling fraction. Figure 2 reveal 
the interobserver correlation for peak velocity E/A; th: 
regression line of the correlation between the 2 reader 
is very close to the line of identity. 

For the variability of the sample of subjects in atria 
fibrillation (Table II), the intraobserver mean of differ 
ences (bias) was not statistically significant for an; 
measures, whereas the interobserver bias was significan 
for time velocity integrals E and E/diastole and deceler 
ation slope. The intra- and interobserver correlation co 
efficients were 70.90 for the peak and the time velocit' 
integral measures, and «0.90 for many of the measure 
of acceleration, deceleration and pressure half-time 
Similarly, the intra- and interobserver percent bias mea 
sures of peak velocity E, and time velocity integral ] 
and E/diastole were small, whereas the percent bias fo 
acceleration and deceleration measures ranged fror 
0.6% (deceleration observer II) to —13.5% (deceleratio 
slope observer I). Similarly the percent precision mea 
sures were small for the peak and time velocity integre 
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FIGURE 2. Interobserver correla- 
tion of peak velocity E/A (PVEA). 
Subjects in sinus rhythm. The dots 
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are the actual data points: PVEA1 
= observer l's measurments for 
PVEA; PVEA2 = observer ll's mea- 
surements for PVEA; the interrupt- 
ed line is the regression line of the 
actual data; the solid line repre- 











sents the gold standard of perfect 
reproducibility. 


and the pressure half-time parameters, but were higher 
for acceleration and deceleration measures, ranging 
from 6.1% (deceleration slope observer II) to 15.8% (de- 
celeration slope observer I). 


DISCUSSION 

Doppler echocardiography has been used to assess 
diastolic function in a variety of cardiac diseases.3:+!3.14 
The present study analyzed reproducibility for frequent- 
ly used, previously validated Doppler indexes of diastol- 
ic function.!? Prior investigations assessed the magni- 
tude of variability of Doppler diastolic measurements in 
limited numbers of normal subjects in the clinical set- 
ting.$-? The previous epidemiologic investigation to in- 
vestigate the reproducibility of Doppler parameters of 
diastolic function? only reported the mean percent dif- 
ference of 2 parameters: peak velocities E and A. The 
present study is the first to evaluate the reproducibility 
of a wide array of Doppler parameters of diastolic func- 
tion in an unselected population-based cohort. In addi- 
tion, the current study is unique in analyzing the vari- 
ability of Doppler diastolic function indexes in a sample 
of subjects in atrial fibrillation, and in a large random 
sample of subjects with and without cardiac pathology. 

The findings of the present study agree with previous 
studies that reported high reproducibility of the peak 
and time velocity integral measures, and greater vari- 
ability for acceleration and deceleration measures.5-? In 
the current study, systematic differences (bias) between 
the 2 observers were statistically significant for most of 
the indexes in subjects in normal sinus rhythm. How- 
ever, this is not surprising in light of the high statistical 
power of analyses on a large sample (n — 80). Regard- 
less, the differences between the 2 means (actual and 
percent bias) were very small for almost all of the pa- 
rameters. It should be noted that the measured Doppler 
waveforms were not preselected from the available 
frames. 

Surprisingly, the Doppler variability of subjects with 


^» atrial fibrillation was comparable to that of subjects in 





sinus rhythm. The reproducibility of the peak and time 
velocity integral measures was excellent, and superior to 
the reproducibility of the acceleration and deceleration 
parameters. In atrial fibrillation the main source of vari- 
ability is the cycle-to-cycle variability, due to the irregu- 
larity of heart rate. The influence exerted by heart rate 
on left ventricular filling is well known.!6-?? In the pres- 
ent study the measurement variability in subjects with 
atrial fibrillation probably was reduced by the large 
number (7 to 10) of cardiac complexes measured. In 
addition, the measurements of subjects in atrial fibrilla- 
tion were performed toward the end of the study, possi- 
bly reflecting the observers' learning curves. 

Study limitations: This investigation addressed the 
measurement reproducibility, which was only one of 
several potential sources of Doppler diastolic function 
variability. Additional sources of variability in assess- 
ments of Doppler indexes of diastolic function in a sin- 
gle study subject include technician-to-technician vari- 
ability, day-to-day subject variability, and beat-to-beat 
(e.g., from heart rate and respiration) variability. 
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There is a widespread interest in fish oil as a di- 


etary supplement and possible nonpharmacologic 
adjunct in the treatment of hypertension. The ef- 
fect of dietary fish oil on blood pressure is contro- 
versial and the effect on systemic hemodynamics 
and regional vascular reactivity in humans is un- 
known. To address these questions, a double- 
blind, placebo-controlled, crossover study on the 
effect of dietary fish oil substitution was per- 
formed during a carefully controlled diet in 8 nor- 
motensive men. Systemic hemodynamics and the 
forearm vascular response to intrabrachial artery 
infusions of norepinephrine, phentolamine and an- 
giotensin Il were obtained. Compared with a saf- 
flower oil placebo, dietary fish oil had no effect on 
cardiac output (6.42 + 0.38 vs 6.87 + 0.28 liters/ 
min, p = not significant) or 24-hour blood pressure 
(122/68 + 3/3 vs 122/68 + 3/2 mm Hg, p = not 
significant). The vascular response to norepineph- 
rine and phentolamine was unchanged. Fish oil, 
however, significantly (p <0.05) reduced forearm 
vascular resistance responses to angiotensin II. 
These changes were associated with a reduction 
in plasma triglycerides (64 + 9 vs 39 + 4 mg/dl, 
p = 0.02) and an increase in plasma eicosapen- 
taenoic acid levels (0.51 + 0.25 vs 1.72 + 0.35 
uM, p <0.05). Substitution of a moderate dose of 
fish oil for fat in a “Western diet" selectively at- 
tenuates the vascular response to angiotensin in- 
dependently of changes in a-adrenergic vasocon- 
striction or systemic hemodynamics. 

(Am J Cardiol 1992;70:1347-1352) 
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of omega-3 fatty acids on blood pressure.!-^ De- 

spite extensive investigation of the interaction be- 
tween dietary fish oil and blood pressure in both normo- 
tensive and hypertensive subjects, the results remain 
controversial.5-!? Furthermore, the mechanism whereby 
fish oil might alter blood pressure has not been identi- 
fied. BP represents the product of cardiac output and 
peripheral vascular resistance.!! Alterations in dietary 
lipids may influence blood pressure by affecting either 
cardiac output!? or vascular reactivity.!? The effects of 
dietary fish oil on these components of blood pressure 
have not been systematically studied in humans. Both 
direct and indirect experimental evidence suggests that 
dietary fish oil may have selective effects on vascular 
reactivity. For example, dietary fish oil appears to en- 
hance a-adrenergic vasoconstriction!?!^ and attenuate 
the vascular response to angiotensin II.!^!6 This raises 
the potential for dietary fish oil to have opposing effects 
on blood pressure, which may explain the variable re- 
sults of fish oil on blood pressure in clinical and epi- 
demiologic reports. Variation in dietary intake may 
change regional vascular reactivity." Also, dietary fish 
oil alters baroreflex sensitivity.!® Thus, to investigate the 
effect of dietary fish oil on vascular reactivity, diet must 
be carefully controlled and activation of baroreflexes 
avoided. Because these studies have not been performed 
previously in humans, we designed a study to critically 
examine (1) the effects of dietary fish oil substitution on 
systemic hemodynamics, and (2) regional vascular reac- 
tivity to norepinephrine and angiotensin II. 


Heese data are conflicting as to the effects 


METHODS 

Subjects: Volunteers were recruited by advertise- 
ment and paid. Each subject read and signed an in- 
formed consent document approved by the Clinical Re- 
search Center Advisory Committee and the Human Re- 
search Review Committee. Each subject underwent a 
screening history, physical examination, routine hema- 
tology, biochemistry, urinalysis and electrocardiogra- 
phy. All subjects were classified as normotensive be- 
cause they had no history of hypertension; blood pres- 
sure measurements in the supine, seated and standing 
positions were all «140/90 mm Hg. All subjects were 
young (28 + 1 [SEM] years), nonsmoking Caucasian 
men who took no medication before or during the study. 

Dietary instruction and randomization: When the 
enrollment process was completed, each volunteer was 
interviewed individually for 60 minutes by the clinical 
research center dietitian. Subjects ate only food provid- 
ed from the clinical research center metabolic kitchen in 
the 3 weeks preceding each of the outpatient studies. 
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During the run-in period, each subject’s diet was con- 
trolled daily for calories (40 to 44/kg), protein (15%), 
carbohydrate (48%), fat (37%), sodium (3,200 mg), po- 
tassium (3,400 mg), calcium (240 mg) and dietary fiber 
(25 g). The diet was designed to simulate a normal 
American diet.* During the week in which the subjects 
received either safflower or fish oil capsules, dietary fat 
intake was reduced to account for the extra fat in the 
capsules, and the total fat intake and polyunsaturated- 
to-saturated fat ratio maintained constant at 37% and 
1.008, respectively. The Nutritionist III Diet Analysis 
Software (N-Squared Computing, Salem, Oregon) was 
used to calculate specific contents of the diets. Safflower 
oil was chosen as a placebo because it has no hypoten- 
sive effects. Subjects were weighed twice weekly to as- 
sure caloric adequacy of the diet. 

After a 2-week run-in period on the control diet, the 
dietitian provided the subject with 1 of 2 bottles of cap- 
sules that were identical with the exception that 1 bottle 
contained Promega capsules (Parke-Davis, New Jer- 
sey). Each capsule contains 280 mg eicosapentaenoic 
acid, 120 mg docosahexaenoic acid, 100 mg other n-3 
fatty acids and 1 IU vitamin E. The other capsule con- 
tained safflower oil (1 g safflower oil per capsule = 72% 
linoleic, 15% oleic, 4% stearic and 3% palmitic acid re- 
spectively (Parke-Davis). Subjects ingested 3 capsules 
of either fish oil or placebo (safflower oil) 3 times daily 
for 7 days. The computer-generated, balanced random- 
ization schedule of fish oil or placebo was assigned by 
the clinical research center dietitian. The study was 
double-blind. Compliance was verified by the pill count. 

Measurements: blood pressure: Ambulatory blood 
pressure monitoring was performed during the 24 hours 
immediately preceding the hemodynamic testing with 
the Accutracker (Suntech Medical Instruments, Inc., 
Raleigh, North Carolina) in accordance with the Na- 
tional High Blood Pressure Education Program Recom- 
mendation.!? Blood pressure in the laboratory was mea- 
sured directly from a brachial artery catheter. Mean ar- 
terial pressure (mm Hg) was determined by electronic 
integration of the arterial pulse waveform. 

Cardiac output: Stroke volume (ml) was determined 
with an Impedance Cardiograph (model 304B, Surcom, 
Inc., Minneapolis, Minnesota). Cardiac output (liters/ 
min) was calculated as the product of stroke volume 
ml/1,000 beats/min.? Total systemic resistance (U) 
was determined as the quotient of mean arterial pres- 
sure and cardiac output. 

Regional hemodynamic variables: Forearm blood 
flow (ml/100 ml forearm volume/min) was measured 
by mercury-in-Silastic strain gauge, venous occlusion 
plethysmography using the Hokanson (Bellevue, Wash- 
ington) EC-4 plethysmograph and E-20 rapid cuff in- 
flator.?! A pediatric cuff encircling the wrist was inflat- 
ed to suprasystolic pressure for 1 minute before and 
during every flow measurement. Four individual curves 
were averaged to determine each flow value. Stable 
baseline forearm blood flow was defined as 3 consecu- 


*Human Nutrition Information Service. Food Intake by individ- 
uals: men 19 to 50 years, 1 day, 1985. Hyattsville, MD: U.S. Dept. of 
Agriculture, HNIS Nutrition Monitored Division, 1986. NFCS, CSFII 
Report 85-3. 


tive measurements (mean of 4 individual curves ob- 
tained over approximately 1 minute) that were within + 
10%. Forearm vascular resistance (resistance units) was 
calculated as mean arterial pressure/forearm blood 
flow. 

Postischemic forearm blood flow: Blood flow after 
10 minutes of ischemic exercise was used to assess the 
structural basis of vascular resistance.?! 

Platelet aggregation studies: Blood was drawn intc 
a tube containing 3.8% sodium citrate in a ratio of 9:1 
and centrifuged at 250 X g for 10 minutes to obtair 
platelet-rich plasma. Platelet concentration was deter 
mined using a Coulter Counter (Coulter Electronics 
Hialeah, Florida) and adjusted to 300,000 cells/nL witl 
platelet-poor plasma. Changes in optical density wer 
measured with a platelet aggregometer (Biodata Corpo 
ration, Hatboro, Pennsylvania). Each aliquot was stim 
ulated with incremental concentrations of adenosine di 
phosphate (1077 to 1075 M) and epinephrine (1077 ti 
10-5 M). The response was expressed as the percen 
increase in light transmission 1 minute after adding ag 
onist. 

Aliquots of platelets exposed to 3 X 1076 M adeno 
sine diphosphate were frozen at —70°C immediately af 
ter the platelet aggregation studies. These aliquots wer 
then analyzed for thromboxane B» levels by radioim 
mune assay.”2 

plasma assays: Catecholamine value 
were measured by high-performance liquid chromatog 
raphy with electrochemical detection.” Plasma reni 
activity was determined by the rate of angiotensin 
generation.”4 Plasma unesterified fatty acid concentra 
tions were also measured. 

Protocol (Figure 1): After 6 days (start of day 7) c 
taking either fish or safflower oil, subjects came to th 
clinical research center, were fitted with the ambulator 
blood pressure monitor, and a 24-hour urine collectio 
was begun. Subjects continued routine activities on da 
7, fasted overnight and returned to the clinical researc 
center at 08:00 the next morning. The urine collectio 
was completed and the blood pressure monitor removet 
Forearm volume was measured by water displacemen 
Electrodes were placed around the neck, chest and at 
domen for impedance cardiography. A 20-gauge, 2-inc 
plastic catheter was inserted into the brachial artery « 
the nondominant arm under sterile conditions and loc: 
anesthesia. BP and cardiac output were obtained in tri] 
licate in the supine, seated and standing positions. 

After returning to the supine position, subjects res 
ed for 30 minutes. Arterial blood was then obtained fc 
the studies just described. Basal forearm blood flow an 
intraarterial blood pressure were recorded. Angiotens! 
II was infused in 5 increasing doses (0.125 to 24 
ng/100 ml forearm volume/min) with an infusic 
pump (model 975, Harvard Apparatus, South Natic 
Massachussetts). The smallest dose was infused for 
minutes and the remaining doses for 4 minutes eac 
Mean arterial pressure and forearm blood flow were r 
corded simultaneously during the final minute of eac 
infusion dose. 

Once the dose-response curve to angiotensin II w: 
completed, a second stable baseline forearm blood flo 
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3,123 + 100 3,098 + 113 
15 15 


Calories 
Protein (%) 


Carbohydrate (%) 48 48 


Fat (%) 37 37 
Sodium (mg) 3,136 + 75 3,155 + 84 
Potassium (mg) 3,430 + 87 3,361 + 17 
Calcium (mg) 1,012: 15 1,006 + 17 
Cholesterol (mg) 248 - 8 237 +10 
Fiber (g) 26+2 24+2 


*None of the variables was significantly different with placebo versus fish oil. 


was established over the next 30 minutes. A sequential 
brachial artery infusion of norepinephrine (0.00125 to 
24.0 ug/100 ml forearm volume/min) was administered 
as for angiotensin II. After documenting a third stable 
baseline flow, phentolamine was infused at the constant 
rate of 12 ug/100 ml forearm volume/min for 10 min- 
utes to assess vascular a-adrenergic tone.?! Blood flow 
after 10 minutes of ischemia was then measured in the 
forearm opposite the arterial catheter to assess indirect- 
ly any changes of structural vascular cross-sectional 
area. 

After 22 weeks on an unrestricted diet, subjects re- 
sumed the controlled study diet for 3 weeks. Nine cap- 
sules/day of either fish or safflower oil were substituted 
for other fat in the diet during the 7 days immediately 
before the second laboratory study. 

Statistical analysis: Data are reported as mean + 
SEM. The student's paired ¢ test was used to compare 
fish oil and placebo observations. The forearm vascular 
resistance and blood flow dose-response curves to nor- 
epinephrine and angiotensin II were evaluated by re- 
peated-measures analysis of variance to assess treat- 
ment effect (fish oil vs safflower oil), dose effect, and 
the interaction of these 2 variables. The effects of the 
regional infusion of norepinephrine and angiotensin II 
on heart rate and mean intraarterial pressure were ex- 
amined by the repeated-measures test. 





RESULTS 

The composition of the diet during the fish and saf- 
flower oil phases of this randomized, double-blind study 
is listed in Table I. Body weight was not different be- 
tween the safflower (74.2 + 1.5 kg) and fish oil (74.3 + 
1.4 kg) periods. Cardiac output (6.42 + 0.38, 6.87 + 
0.28 liters/min, p = not significant [NS]) and calculat- 
ed total systemic vascular resistance (12.8 + 0.8 vs 12.3 
+ 0.5 U, p = NS) were not different in those taking fish 
oil compared with those taking safflower oil, respective- 
ly. Twenty-four-hour heart rate was unchanged by fish 
oil (73 + 7 beats/min) compared with placebo (73 + 7 
beats/min). Similarly, blood pressure was unchanged 
with fish oil (122/68 + 3/3 vs 122/68 + 3/2 mm Hg). 
Mean blood pressure during the day was 88 + 3 mm 
Hg with placebo vs 88 + 2 mm Hg with fish oil. Mean 
blood pressure at night was 76 + 3 vs 76 + 3 mm Hg 
with fish oil vs safflower oil, respectively. 


TABLE Il Data on Selected Hematologic and Biochemical 
Variables During Placebo Versus Fish Oil Treatment 





Placebo Fish Oil 

Hematocrit (76) 4341 4341 
Platelet count (x 109/liter) 243 + 20 230 + 18 
Serum glucose (mg/dl) 98 + 5 91+2 
Urine sodium (mM/24 hours) 116 +11 134 + 17 
Urine potassium (mM/24 hours) 50+6 65-7 
Cholesterol (mg/dl) 146 + 9 143 +8 
High-density lipoprotein 41+3 47+6 

cholesterol (mg/dl) 
Calculated low-density lipoprotein 94+6 88 +9 

cholesterol (mg/dl) 
Triglycerides (mg/dl) 64+9 39 + 4* 
Renin (ngAl/ml/hour) 1.66 + 0.19 1.46 + 0.15 
Norepinephrine (pg/ml) 145+ 14 137 2.3} 
Thromboxane B2 (ng/ml) 2.70 = 1.77 1.01 + 0.59 


*Significantly (p « 0.05) different from placebo. 


Mean values for serum sodium, potassium, urea ni- 
trogen and creatinine were identical during both study 
periods (data not shown). Several other hematologic, 
biochemical and neurohumoral variables were not sig- 
nificantly different between the fish and safflower oil 
studies (Table IT). Twenty-four-hour urinary electro- 
lytes remained the same in subjects taking fish oil and 
placebo. One week of dietary substitution with fish oil 
did not significantly change high-density lipoprotein 
cholesterol, calculated low-density lipoprotein cholester- 
ol or total cholesterol values. Fasting triglycerides, how- 
ever, decreased in those taking dietary fish oil compared 
with those receiving safflower oil (p = 0.02). Values for 
plasma norepinephrine concentration and plasma renin 
activity were also unchanged by fish oil (Table II). Ei- 
cosapentaenoic acid values were significantly higher 
during the fish versus safflower oil treatments (1.72 + 
0.35 vs 0.51 + 0.25 uM [p <0.05]). None of the values 
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FIGURE 1. Schematic representation of experimental pro- 
tocol. 
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for 14 other plasma unesterified free fatty acids was sig- 
nificantly different between the 2 periods. 

Platelet data: Thromboxane B; levels generated in 
platelet-rich plasma stimulated with 3 X 1079 M adeno- 
sine diphosphate were not different between the 2 study 
periods (Table IT). Platelet aggregation in response to 
multiple doses of epinephrine and adenosine diphos- 
phate were similar during both phases of the study (Fig- 
ure 2). 

Regional hemodynamics: Resting forearm blood 
flow before the angiotensin II infusion was the same 
during both phases of the study (Figure 3). Fish oil sig- 
nificantly attenuated the responses of forearm vascular 
resistance and blood flow to angiotensin II (Figure 2). 
In contrast, forearm vascular resistance and blood flow 
responses to norepinephrine were similar during the 2 
phases of the study. The phentolamine-induced decrease 
in forearm vascular resistance was similar during the 
fish and safflower oil studies (14.7 + 1.6 vs 12.5 + 1.5 
resistance units, p = NS). Reactive hyperemic blood 
flow was unchanged during the fish oil therapy com- 
pared with the safflower oil therapy (76.9 + 3.6 vs 74.8 
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FIGURE 2. The percent light transmission is shown 1 minute 
after adding various doses of epinephrine (top panel) or aden- 
osine diphosphate (ADP) (lower panel) during the fish oil (sof 
id bar) and safflower oil (cross-hatched bar) phases of the 
study. No significant differences in platelet responses were 
seen between the 2 study phases at any dose of either epi- 
nephrine or adenosine diphosphate. 


+ 4.1 ml/dl/min, p = NS). Furthermore, forearm vas 
cular resistance during reactive hyperemia (1.32 + 1. 
vs 1.21 + 0.11 resistance units, p = NS) did not diffe 
between fish oil and placebo treatments. 


DISCUSSION 

The primary purpose of the present investigatio 
was to examine the effects of dietary fish oil substitutio 
on systemic hemodynamics and regional vascular reac 
tivity with a carefully controlled diet. Short-term ad 
ministration of dietary fish oil in normotensive subject 
selectively and significantly reduced the regional vascu 
lar response to angiotensin II. 

In contrast to the present investigation, Lorenz et a. 
reported a significant reduction in the pressor respons 
to a systemic infusion of norepinephrine and a nonsi 
nificant decrease in the pressor response to a single dos 
of angiotensin II in 8 volunteers whose diet was supple 
mented with cod liver oil. Methodologic differences be 
tween the 2 studies may explain the different findings i 
our study compared with that of Lorenz et al.? One, die 
was uncontrolled in their study and thus may have cor 
founded the interpretation. Two, the effects of dietar 
manipulation on the pressor responses to systemicall 
infused compounds, which reflect actions in multipl 
vascular beds as well as variable changes in cardiac out 
put and baroreflex activation, may not coincide with re 
gional vascular responses to locally infused agents.?! 

Although our study does not establish the precis 
mechanism whereby fish oil selectively reduced the re 
gional vascular response to angiotensin II, this chang 
occurred independently of other multiple indexes. Fc 
example, fish oil did not alter indexes of neurovascula 
control including sympathetic drive (arterial plasm 
norepinephrine), vascular a-receptor sensitivity (threst 
old response to norepinephrine), reactivity (slope of th 
dose-response curve to norepinephrine), and basal . 
tone (vasodilator response to phentolamine). Platele 
aggregation in response to adenosine diphosphate or ep! 
nephrine were unaffected by fish oil. Similarly, throm 
boxane B; levels generated in response to adenosine d: 
phosphate challenge were not significantly different be 
tween groups. These data and the unchanged po: 
ischemic forearm vascular resistance suggest a specifi 
effect of fish oil on the angiotensin II response indeper 
dently of a generalized change in membrane function c 
structural arteriolar cross-sectional area. 

Our interpretation of the data is that omega-3 fatt 
acids selectively reduce angiotensin II-receptor affinity 
as indicated by the rightward shift of the forearm va: 
cular resistance response to angiotensin II.?6 When th 
regional resistance responses on the 2 diets were corr 
pared, approximately a three- to fourfold higher dos 
was required to produce the same level of forearm va: 
cular resistance with fish oil as compared with safflowe 
oil. These results may be related to the observation thz 
free fatty acids inhibit the binding of angiotensin II t 
its receptor." Eicosapentaenoic acid was the only mez 
sured unesterified fatty acid value that was significantl 
elevated during the fish versus safflower oil period. E: 
cosapentaenoic acid antagonizes the thromboxane re 
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ceptor.? Thus, an eicosapentaenoic acid mediated an- 
tagonism of the angiotensin II receptor may explain the 
rightward shift in the forearm vascular response to an- 
giotensin II. Along this line, Jorgersen et al? recently 
compared blood pressure, plasma renin and 24-hour uri- 
nary sodium levels in Greenland Eskimos and Danes. 
Although blood pressure and 24-hour urinary sodium 
were similar, plasma renin levels were significantly 
higher in the Eskimos on a high eicosapentaenoic acid 
intake. Jorgensen et al suggested that these results 
might be explained by an eicosapentaenoic acid-related 
decrease in sensitivity to the vasoconstrictor effects of 
angiotensin II. 

Study limitations: We cannot exclude the possibility 
that safflower oil used as a placebo influenced regional 
vascular reactivity and blood pressure. However, in an- 
other investigation, safflower oil did not alter blood 
pressure levels measured by 24-hour ambulatory moni- 
toring.? Studies that suggested a blood pressure-lower- 
ing effect of omega-6 fatty acids used dietary protocols 
that also reduced total fat content and increased the 
polyunsaturated-to-saturated fat ratios.2999 In the pres- 
ent investigation, dietary fat intake was held constant at 





C .00125.005 .02 .08 .24 


NE, ug/dl/min 


37% and the polyunsaturated-to-saturated fat ratio was 
always 1:1.008. 

Although the duration of fish oil administration was 
relatively brief and the dose modest, this time period 
has been shown to cause a vascular effect.? A longer 
duration of fish oil substitution may have a different 
effect on vascular resistance or platelet function. Never- 
theless, 1 week of fish oil significantly decreased triglyc- 
eride concentrations and increased levels of unesterified 
eicosapentaenoic acid, which demonstrates an effect of 
fish oil versus placebo. The dose chosen was in accor- 
dance with the manufacturers recommendation, thus 
mimicking the amount taken “over the counter.” This 
dose also had the advantage of 100% compliance and 
maintenance of the double-blind design in our study 
group since the unpleasant side effects of a larger dose 
were avoided. 
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Comparison of Doppler and Two-Dimensional 
Echocardiography for Assessment of 
Pericardial Effusion 


John J. Schutzman, MD, Timothy P. Obarski, DO, Gregory L. Pearce, MS, 
and Allan L. Klein, MD 


Respiratory changes in left ventricular inflow ve- 
locities by Doppler echocardiography have been 
used to assess cardiac tamponade; however, 
Doppler echocardiography has not been compared 
to right atrial or right ventricular collapse. Pulsed 
Doppler echocardiography of left ventricular in- 
flow velocities was performed with respiratory 
monitoring in 28 patients with small to large peri- 
cardial effusions. Ten of the 17 patients (59%) 
with large effusions had equalization of right-sid- 
ed diastolic pressures before pericardial drainage. 
The measurements performed included percent 
change in left ventricular inflow peak early veloci- 
ty, isovolumic relaxation time, change in inferior 
vena cava diameter from apnea to inspiration, and 
the presence of right atrial and right ventricular 
collapse. Percent change in early left ventricular 
inflow velocities significantly correlated with peri- 
cardial effusion size (p = 0.001) and right ventric- 
ular collapse (p = 0.007), and showed a trend with 
right atrial collapse (p = 0.10). Pericardial effu- 
sions with a left ventricular inflow velocity change 
>22% were found to have right-sided equalization 
at a 95% confidence interval. 

Our data indicate that the respiratory changes 
in Doppler echocardiographic parameters are use- 
ful in the assessment of pericardial effusion and 
tamponade. This study concurs with the hypothe- 
sis that there is a continuum of hemodynamic com- 
promise in pericardial effusion that is easily de- 
tected by Doppler echocardiography. 

(Am J Cardiol 1992;70:1353-1357) 
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wo-dimensional echocardiography has been the 

“gold standard” in assessing pericardial effusion 

and cardiac tamponade. The traditional criteria 
for determining the presence of cardiac tamponade by 
2-dimensional echocardiography include right atrial and 
right ventricular collapse and inferior vena cava pletho- 
ra.'? Recently, Doppler echocardiographic assessment 
of flow velocities, including left ventricular and right 
ventricular inflow, hepatic vein, superior vena cava, and 
isovolumic relaxation time, has shown dramatic changes 
with the respiratory cycle in patients with cardiac tam- 
ponade.?-6 A comparison of 2-dimensional echocardio- 
graphic criteria with Doppler assessment of tamponade 
has not been described. The purpose of this study was to 
compare right atrial and right ventricular collapse and 
inferior vena cava plethora with respiratory change in 
left ventricular inflow velocities and isovolumic relaxa- 
tion time intervals. In addition, we aimed to study the 
influence of various sizes of pericardial effusion on the 
respiratory change in Doppler flows. 


METHODS 

Patients: Twenty-eight patients (18 men and 10 
women, mean age 52 + 19 years [range 28 to 79]) re- 
ferred to the Cleveland Clinic Foundation Echocardiog- 
raphy Laboratory and found to have pericardial effu- 
sions were entered into the study. Comprehensive Dopp- 
ler recordings were obtained in 28 patients (73%) which 
comprised the patient population. The etiology of the 
pericardial effusions included postoperative cardiotho- 
racic surgery in 4 patients, malignancy in 5, radiation in 
1, Candida infection in 1, uremia in 1, hypothyroidism 
in 1 and idiopathic in 16 patients. Of the 17 patients 
with large effusions, 10096 underwent therapeutic or 
diagnostic pericardiocentesis with right-sided cardiac 
catheterization. 

The 28 patients were subdivided into 3 groups 
(small, moderate and large) depending on the size of 
the effusion. The group with large effusion was further 
divided into groups with large effusions with and with- 
out equalization of diastolic pressure. 

The group with equalization consisted of patients 
who underwent right-sided cardiac catheterization, and 
pericardiocentesis, and who had right-sided equaliza- 
tion. Right-sided equalization was defined as a «5 mm 
Hg pressure difference between mean right atrial, right 
ventricular end-diastolic, pulmonary artery diastolic and 
mean pulmonary wedge pressures and mean right atrial 
pressure elevated to >12 mm Hg.? Only 1 of these pa- 
tients had a surgical origin for their effusion, which was 
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also loculated. The group without equalization consisted 
of patients who underwent pericardiocentesis and right- 
sided cardiac catheterization but did not have equaliza- 
tion. Of these 7 patients, 3 had loculated effusions, of 
which 2 were surgical in origin. 

Echocardiographic examination: All patients under- 
went standard M-mode, 2-dimensional and Doppler 
echocardiography using commercially available equip- 
ment (Hewlett-Packard, Andover, Massachusetts) with 
respiratory monitoring using a respirometer (Interspec, 
Lewistown, Pennsylvania).* 

Echocardiographic assessment: The presence of 
right atrial collapse, right ventricular collapse and peri- 
cardial effusion size was assessed by independent ob- 
servers. Apical 4-chamber and subcostal short-axis 
views using 2-dimensional-directed M mode were used 
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FIGURE 1. Apical 4-chamber view of a large pericardial effu- 
sion with right atrial collapse (arrow). LA - left atrium; 

LV = left ventricle; PE = pericardial effusion; RV = right ven- 
tricle. 










FIGURE 3. Proximal inferior vena cava (IVC) with normal col- 
lapse to deep inspiration (Insp.). Exp. — expiration. 


IVC Plethora 
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FIGURE 2. Parasternal long-axis view of a large pericardial 
effusion with right ventricular collapse (arrow). LA = left atri- FIGURE 4. Inferior vena cava (IVC) plethora with a <50% d 


um; LV = left ventricle; PE = pericardial effusion; RV = right crease in proximal inferior vena cava diameter from deep in- 
ventricle. spiration (Insp.) to apnea. Exp. = expiration. 
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to detect right atrial and right ventricular collapse (Fig- 
ures 1 and 2). 

Right atrial collapse was defined as significant inver- 
sion of the right atrial free wall >!⁄ the cardiac cycle. 
Right ventricular collapse was defined as persistent dia- 
stolic inversion of the right ventricular free wall noted 
after opening the mitral valve.! IVC plethora was de- 
fined by a <50% decrease in proximal inferior vena 
cava diameter with deep inspiration using 2-dimension- 
al-directed M-mode echocardiography in the subcostal 
view? (Figures 3 and 4). Pericardial effusion size was 
graded as small, moderate and large based on qualita- 
tive assessment using 2-dimensional echocardiography 
according to Himelman et al.? 

Doppler examination: A complete pulsed and con- 
tinuous-wave Doppler examination was performed as 
previously described. A temperature-sensitive respirom- 
eter was used to record the phase of spontaneous respi- 
ration simultaneous with the Doppler recording on a 
hard copy at a paper speed of 50 or 100 mm/s. Pulsed 
Doppler echocardiography of the left ventricular inflow 
velocities was performed in an apical 4-chamber view 
by placing the sample volume at the leaflet tips. Isovolu- 
mic relaxation time was defined as the time interval be- 
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FIGURE 5. Diagram showing the decrease in left ventricular 

(LV) inflow velocity and increase in isovolumic relaxation time 

(IVRT) with inspiration (Insp.). A = earty diastolic flow; 
electrocardiogram 


E = late diastolic flow; ECG = 
ration. 
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. FIGURE 6. Pulsed-wave Doppler tracing of normal left ven- 
tricular (LV) inflow, showing no significant change with the 
respiratory cycle. Other abbreviations as in Figure 3. 





tween aortic valve closure and mitral valve opening. 
This time interval was determined by measuring the dis- 
tance between the aortic and mitral valve clicks record- 
ed by placing the continuous-wave Doppler beam in be- 
tween the left ventricular inflow and outflow tracts 
(Figure 5). 

Doppler measurements: Peak early (E) and late (A) 
diastolic flows were recorded over the respiratory cycle 
from the baseline to the peak (Figures 6 and 7). The 
percent change in peak E-wave velocity and in isovolu- 
mic relaxation time was calculated by subtracting the 
peak E-wave velocity and isovolumic relaxation time ob- 
tained during expiration from values during inspiration 
on the first beat of the cycle. This total was then divided 
by the peak E-wave velocity and isovolumic relaxation 
time obtained during expiration, according to the meth- 
od of Appleton et al.* Inferior vena cava diameter, left 
ventricular inflow velocity and isovolumic relaxation 
time were assessed over 3 respiratory cycles during ap- 
nea, inspiration and expiration for a total of 9 beats. 

Hemodynamics: Patients undergoing pericardiocen- 
tesis also underwent placement of a pulmonary artery 
catheter (Viggo-Spectramed, Oxnard, California) for 
measurement of right atrial, right ventricular, pulmo- 
nary artery and pulmonary capillary wedge pressures; 
the catheter was connected to a fluid-filled catheter 
pressure transducer (Viggo-Spectramed, Oxnard, Cali- 
fornia). Pericardial pressures were recorded using a pig- 
tail catheter connected to the transducer. 

Pericardiocentesis was performed with a pericardio- 
centesis kit (UMI, Ballston Spa, New York) using 2- 
dimensional echocardiography guidance." 

Blood pressure and pulsus paradoxus were recorded 
using a mercury sphygmomanometer. Abnormal pulsus 
paradoxus was defined as a >10 mm Hg decrease in 
systolic blood pressure with inspiration.’ 

Statistical analysis: Analysis of variance techniques 
were used to compare the 4 pericardial effusion size 
groups with respect to percent change in peak E-wave 
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TABLE | Summary of Hemodynamic Data in Patients with 
Large Pericardial Effusions 


Equalization 


Without 
(n = 7) 


Heart rate (beats/min) 
Pulsus paradoxus (mm Hg) 
Right atrial pressure (mm Hg) 
Pulmonary arterial 

diastolic pressure (mm Hg) 
Pulmonary arterial 

wedge pressure (mm Hg) 
Systolic blood pressure (mm Hg) 
Pericardial pressure (mm Hg) 


118+ 11 
9+4 


130 + 28 
14+ 13 


velocity, in isovolumic relaxation time and in inferior 
vena cava diameter. Pairwise comparisons between 
groups were evaluated using the Tukey method of mul- 
tiple comparisons.!° Linear contrasts were used to com- 
pare the combined large groups to the moderate/small 
groups. Pericardial effusion size groups were compared 
by Fisher’s exact test for the presence of right atrial and 
right ventricular collapse. For these comparisons, the 
combined large groups were compared against the 
small/moderate groups because of low cell sizes. Un- 
paired t tests were used to evaluate differences in per- 
cent peak E-wave velocity, isovolumic relaxation time 
and percent inferior vena cava between patients with 
and without right atrial collapse. The same method was 
used to compare patients with and without right ventri- 
cle collapse. A p value <0.05 was considered significant. 


RESULTS 

Hemodynamic data in patients with large pericardi- 
al effusions: The 17 patients who underwent pericardio- 
centesis had 6 hemodynamic variables assessed (Table 
I). Heart rate, pulsus paradoxus, and right atrial and 
pulmonary capillary wedge pressures differed signifi- 
cantly between the groups with and without large equal- 
ization. 

Doppler assessment of pericardial effusions: LEFT 
VENTRICULAR INFLOW VELOCITY: There was a significant 
gradual increase in the difference between left ventricu- 
lar inflow peak E-wave velocity from expiration to inspi- 
ration as effusion size progressed from small to large 
with equalization (p = 0.001). The difference in percent 
change in early left ventricular inflow velocities existed 
between small effusions and large effusions with equal- 
ization (p <0.001) (Table II). Importantly, there was a 
trend demonstrated in the difference in percent change 
in peak E-wave velocity between large effusions with 
and without equalization (p = 0.07). The 95% confi- 
dence intervals for percent change in early left ventricu- 
lar inflow velocities were —30.1 to —16.3 for large effu- 
sions with equalization and —21.7 to —5.2 for large ef- 
fusions without equalization. 

ISOVOLUMIC RELAXATION TIME: The difference in iso- 
volumic relaxation time during inspiration and expira- 
tion demonstrated a gradual progression from 13 + 
10% in the group with small effusion to 22 + 6% in the 
group with large effusion and equalization (Table IT). 
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TABLE Il Doppler Echocardiographic Criteria 


% Change in LV ?6 Isovolumic 
Pericardial No. of Inflow Peak Relaxation 
Effusion Size Pts. Early Velocity Time 
Small 6 0.3 + 10 13 + 10 
Moderate 5 —15 + 12 19 + 15 
Large 
Without equalization 7 -13+11 17+4 
With equalization 10 —23 + 10*t 22+6 


*p « 0.001 for small versus large with equalization. 
tp = 0.07 for large with equalization versus without equalization. 
LV = left ventricular. 


TABLE Ill Two-Dimensional Echocardiographic Criteria 


Right 
Right Atrial Ventricular Inferior 
Pericardial No. of Collapse Collapse Vena Cava 
Effusion Size Pts. No. (%) No. (%) (mm) 

Small 6 1 (17) O (0) —27 + 22 

Moderate 5 3 (60) O (0) —30 + 12 
Large 

With equalization 7 5 (71) 5 (71) —34 + 15 

With equalization 10 8 (80) 10(100) -17 + 12 


There was no significant correlation seen between ir 
creasing pericardial effusion size and the difference i 
isovolumic relaxation time during inspiration. The 95‘ 
confidence interval for the difference in isovolumic re 
laxation time during inspiration and expiration for larg 
effusions with equalization was 12.0 to 31.1 and f 
large effusions without equalization, 4.6 to 30.2. 

Two-dimensional echocardiographic assessment : 
pericardial effusion: RIGHT ATRIAL COLLAPSE: Right atr 
al collapse was detected at every size of pericardial effi 
sion varying from 1 of 6 (17%) in the group with sma 
pericardial effusions to 8 of 10 (80%) in the group wit 
large effusion and equalization. In the large group 
right atrial collapse was detected in 5 of 7 patien 
(71%) in the group with large effusion without equaliz: 
tion and in 8 of 10 (80%) in the group with large effi 
sion with equalization (Table III). Right atrial collap: 
had a sensitivity of 80%, a specificity of 50% and a pos 
tive predictive value of 47%. 

RIGHT VENTRICULAR COLLAPSE: Right ventricular co 
lapse was not detected until the pericardial effusions b 
came large in size (Table III). Right ventricular co 
lapse was not present in the small and moderate grou] 
but was detected in the large groups in 5 of 7 patien 
(7196) in the group with large effusions without equa 
ization and all the patients in the group with large eff 
sions with equalization. Right ventricular collapse had 
sensitivity of 100%, a specificity of 72% and a positi 
predictive value of 67%. 

INFERIOR VENA CAVA PLETHORA: Inferior vena ca' 
plethora was found in 27 of 28 patients in this stu 
with pericardial effusions ranging from small to larg 
and this was not sensitive or specific (Table IIT). TI 
percent change in inferior vena cava diameter vari 
from —27 + 22% in small effusions to —17 + 12% 
large effusions with equalization. 
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DISCUSSION 

This study demonstrates that Doppler parameters 
show a marked respiratory change from expiration to 
inspiration (flow paradoxus)!? with a progressive grada- 
tion with increasing pericardial effusion size. Right atri- 
al and right ventricular collapse showed close correla- 
tion with the Doppler parameters. Inferior vena cava 
plethora was found to be of little help in the assessment 
of pericardial effusions in our study. 

Left ventricular early inflow velocity: Our study 
showed marked change in the peak left ventricular early 
inflow velocity from expiration to inspiration with vary- 
ing sizes of pericardial effusions. 

There was a gradual increase in the absolute value 
of percent change in peak E-wave velocity, progressing 
from small to large effusions with right-sided equaliza- 
tion. A significant difference in the percent change in 
peak E-wave velocity occurred only between small and 
large effusions with equalization, but there was a trend 
in the difference between large effusions with and with- 
out equalization. Using 95% confidence intervals, effu- 
sions with a >22% change from inspiration to expira- 
tion should be considered to have right-sided equaliza- 
tion. 

Recent studies have been conducted, examining left 
ventricular inflow velocities in cardiac tamponade.*° 

Our data agree with that of Appleton et al in that 
we see a gradual change in the percent change in peak 
E-wave velocity with increasing size of effusion. This 
gradual decrease in left ventricular inflow velocity dur- 
ing inspiration is consistent with the increasing hemody- 
namic compromise caused by increasing effusion. Our 
data demonstrate that the hemodynamic compromise is 
a continuum in which no exact cut-off for when tam- 
ponade begins can be given. This also agrees with the 
animal model of Gonzalez et al!!:!? in which increasing 
change in the percent change in peak E-wave velocity 
was noted to occur early with increasing pericardial ef- 
fusion size and before equalization and right heart col- 
lapse. 

Mechanisms of “flow paradoxus”: Doppler assess- 
ment of tamponade has been evaluated in prior stud- 
ies.^9? With inspiration, decreased intrathoracic pres- 
sure is transmitted to the pulmonary circuit but not to 
the left ventricle because of the pericardial effusion. 
This decreases the pulmonary capillary wedge pressure 
while left ventricular diastolic pressure remains relative- 
ly the same. The filling gradient between the left atrium 
and left ventricle is therefore decreased. This dimin- 
ished filling leads to a decreased peak E-wave velocity 
and a prolonged isovolumic relaxation time during in- 
spiration. During expiration, intrathoracic pressure in- 
creases, restoring the filling gradient between the left 
atrium and left ventricle. 

Isovolumic relaxation time: In this study, no statisti- 
cal correlation could be seen between isovolumic relaxa- 
tion time and increasing pericardial effusion size. 

Comparison of Doppler with two-dimensional signs: 
Percent changes in early left ventricular inflow veloci- 
ties showed a significant correlation with right ventricu- 
lar collapse and a trend with right atrial collapse. 


Two-dimensional echocardiography: We found that 
right atrial collapse was present in 1 of 6 of our small 
effusions (17%) and 3 of 5 of our moderate effusions 
(60%). This suggests that right atrial collapse lacks 
specificity for tamponade, but concurs with our Doppler 
data that mild hemodynamic compromise may be seen 
even in small and moderate pericardial effusions. 

Right ventricular collapse was found to occur only in 
our groups with large effusion: in 5 of 7 (71%) of large 
effusions without and in 10 of 10 (100%) of large effu- 
sions with equalization. This also agrees with published 
reports that right ventricular collapse is a later phenom- 
enon, occurring with greater hemodynamic compromise 
related to the effusion. 

Inferior vena cava plethora is a marker for elevated 
right-sided pressures, but was not helpful in assessing 
pericardial effusions in this study. Twenty-seven of 28 
patients had inferior vena cava plethora. 

Study limitations: The major limitation of this study 
is the small number of patients studied; however, we 
believe our study subjects are a representative of pa- 
tients with pericardial effusion in clinical practice. 
Depth of respiration could have caused a greater change 
in peak E-wave velocity and isovolumic relaxation time 
from expiration to inspiration^$; however, this variable 
could not be controlled in patients with large effusions 
undergoing pericardiocentesis. 

Conclusion: This study demonstrates that respira- 
tory changes in the left ventricular inflow peak E-wave 
velocity closely parallel the continuum of diastolic im- 
pairment that occurs with increasing effusion size. 
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Shock-Wave Thrombus Ablation, a New Method 
for Noninvasive Mechanical Thrombolysis 


Uri Rosenschein, MD, Steven J. Yakubov, MD, Dejan Guberinich, BSB, David S. Bach, MD, 
Paul L. Sonda, MD, Gerald D. Abrams, MD, and Eric J. Topol, MD 


Successful experimental and clinical experience 
with thrombus ablation has been attained with 
high-power acoustic energy delivered in a cathe- 
ter. The goal of this study was to investigate the 
feasibility of noninvasive thrombus ablation by fo- 
cused high-power acoustic energy. The source for 
high-power acoustic energy was a shock-wave 
generator in a water tank equipped with an acous- 
tic lens with a fixed focal point at 22.5 cm. Throm- 
bus was prepared in vitro, weighed (0.24 + 0.08 
g), and inserted in excised human femoral artery 
segments. The arterial segments were ligated, po- 
sitioned at the focal point and then randomized 
into either test (n = 8) or control (n = 7). An x-ray 
system verified the 3-dimensional positioning of 
the arterial segment at the focal point. A 5 MHz 
ultrasound imaging system continuously visual- 
ized the arterial segment at the focal point before, 
during and after each experiment. The test seg- 
ments were exposed to shock waves (1,000 
shocks/24 kv). The arterial segment content was 
then flushed and the residual thrombus weighed. 
The arterial segment and thrombus were fixed 
and submitted to histologic examination. The test 
group achieved a significant ablation of throm- 
bus mass (0.25 + 0.15 vs 0.07 + 0.003 g; p = 
0.0001) after application of shock waves. Arterial 
segments showed no gross or microscopic dam- 
age. Ultrasound imaging revealed a localized (1.9 
+ 0.5 cm?), transient (744 + 733 ms), cavitation 
field at the focal point at the time of application of 
focused shock waves. Thus, focused high-power 
acoustic energy can effect noninvasive thrombus 
ablation without apparent damage to the arterial 
wall. The mechanism underlying shock-wave 
thrombus ablation may be associated with the cav- 
itation effect. 

(Am J Cardiol 1992;70:1358-1361) 
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arteries is the major cause of morbidity anc 

mortality. Despite major advances in thrombo 
lytic therapy for acute myocardial infarction, it still ha: 
considerable shortcomings. Approximately 30% of pa 
tients with acute myocardial infarction are eligible fo 
thrombolytic therapy, and early reperfusion rates ar 
approximately 70%.' Because of these limitations, mor: 
efficient and applicable therapies are being vigorousl: 
investigated. Rosenschein et al^? have reported the de 
velopment of high-power, low-frequency, ultrasounc 
catheter for arterial recanalization. This method was in 
vestigated both in experimental and clinical settings 
These studies suggest that high-power, acoustic energ) 
selectively ablates thrombi with a wide margin of safety 
We hypothesized that high-power acoustic energy fron 
an external acoustic generator can be focused and con 
verged into the body to induce selective ablation of : 
target thrombus. The goal of this study was to test th: 
feasibility of noninvasive acoustic thrombus ablation ii 
a thrombotic artery model in vitro. 


A cute thrombosis of the coronary and periphera 


METHODS 

Thrombotic artery model preparation: Human fem 
oral and iliac arteries were obtained during postmorten 
examinations. The arterial segments were fixed in 109 
neutral formalin for 24 hours, and then transferred to ; 
saline solution and kept at 4°C for <7 days. Every 4! 
hours, the saline solution was changed. Fresh thrombu: 
was prepared by filling a 3 mm diameter plastic tub 
with fresh, human blood mixed with thrombin (1 m 
blood/20 NIH unit bovine thrombin, T4648, Sigma, St 
Louis, Missouri). After 30 minutes, the thrombus wa 
removed from the plastic tube and dissected to a lengt] 
approximately one third that of each arterial segment 
The thrombus was weighed (Model AB-4, Christia! 
Becker, Germany) and inserted in the artery. The ar 
tery was filled with saline solution to preclude an artifi 
cial acoustic interface between air and fluid (i.e., ai 
bubbles), and ligated at both ends. 

Shock-wave ablation protocol: A shock-wave litho 
tripter (HM3, Dornier Medical Systems, Marietta 
Georgia) was used as a source for focused, high-power 
acoustic energy. Underwater, high-current, electrica 
spark-gap discharges (pulse duration approximately 
ms) generated underwater explosive vaporization of wa 
ter between the spark-gap electrodes. This generate 
shock waves in the surrounding fluid, which propagate 
spherically from the site of origin. Positioning the spark 
gap electrode in a symmetric, hemi-ellipsoid, metal re 
flector focused the shock waves. The reflector reflect 
and converges the shock waves at a focal point wher 
9096 of the energy is concentrated on a spherical are 
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approximately 2 cm in diameter. The distance between 
the spark-gap and focal point is 22.5 cm. 

The thrombotic arterial segments were randomized 
into test (n = 8) and control groups (n = 7). Transillu- 
mination confirmed the position of the thrombus in the 
artery. Radiopaque markers on both sides of the throm- 
bus identified and defined the thrombotic section during 
application of shock waves. Each segment was suspend- 
ed from a metal frame and immersed in a water bath. 
The water was kept at constant temperature (35 + 
1°C). The metal frame with the suspended thrombotic 
artery could be moved along 3 spatial axes by means of 
a motor-driven, positioning device. An x-ray location 
system, using 2 independent, image conversion systems 
arranged along nonparallel axes, verified the 3-dimen- 
sional positioning of the thrombotic segment at the in- 
tersection of the 2 nonparallel axes (i.e., focal point) 
(Figure 1). The test arteries were exposed to 1,000 
shocks at 24 kv. This dosage was chosen with regard to 
the 500 to 1,500 discharges to which patients are typi- 
cally exposed, and based on experience derived from an- 
imal studies of shock-wave-induced tissue damage.‘ 
The control arteries underwent identical treatment, but 
without exposure to shock waves. 

After the application of shock waves, the arterial lig- 
atures were removed, and the arterial content was 
flushed with 10 ml of saline solution. The residual solid 
thrombus was separated from the fluid portion and re- 
weighed. The extent of thrombus ablation was evaluat- 
ed from the change in solid thrombus weight. 


Histopathologic analysis: The arterial segments and 
thrombi were fixed in 10% neutral formalin. From each 
segment, 4 rings were excised and processed routine- 
ly. Sections were mounted on glass slides and stained 
with hematoxylin-eosin and Movat-pentachrome stains. 
An experienced cardiovascular pathologist (GDA) un- 
aware of the experimental details and results performed 
the pathologic evaluations. The overall integrity of the 
vessel, continuity of the elastic structures, and cellu- 
lar damage were assessed in the arterial segments. 
The composition and architecture were studied in the 
thrombi. ; 

Cavitation analysis: An ultrasound imaging syste .n 
was used to study the production of cavitation by .he 
shock waves to elucidate the mechanism of shock-wave 
thrombus ablation? A 5 MHz multi-element linear- 
phase array ultrasound imaging transducer, with an axi- 
al resolution of 0.3 mm and a lateral resolution of 1.2 
mm, at a depth of 4 cm (Ultramark 9, Advanced Tech- 
nology Laboratories, Inc., Bothell, Washington), im- 
aged the arterial segment in the water bath before, dur- 
ing and after each experiment. The ultrasound image on 
display was continuously recorded on a videotape with 
240 videolines of resolution (AG 6300 Panasonics). 
Cavitations were defined as highly echogenic, transient 
microbubbles on the ultrasound image display.? Qua- 
druplicates of the maximal area of each cavitation field 
were measured and averaged (Freeland Systems, Prism 
Imaging, Chicago, Illinois). The times from the spark- 
gap discharge to the earliest production of cavitation, to 





imaging system (5) visualizes arterial segment at focal point 
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attainment of maximal area of the cavitation field and 
to final clearance of the cavitation were measured in 10 
cycles of application of shock waves and averaged. Time 
was measured by counting the number of videoframes 








ment exposed to high-power, acoustic energy. Arterial wall is 
structurally intact. Elastic fiber variability in internal elastic 

lamina, which reflects state of vessel at autopsy, is in similar 
proportions in control segment. Cleavage plane at outer edge 
of media (arrows), similar to that in control, is artifact of han- 


tural features of this vessel are virtually identical to those of 
vessel after exposure. (Movat pentachrome stain; X120, re- 
duced by 30%.) 





** 


FIGURE 3. Composite figure of echocardiographic images illustrating events at focal point (locus of maximal, acoustic energy 
density) during experiment of shock-wave thrombus ablation. A, at baseline, image shows arterial segment (arrow) immersed in 
water bath. B, generation of cavitation (arrowheads) at focal point immediately (<33 ms) after application of shock waves. Time 
of shock-wave application is recorded as electrical interference (arrow) induced by spark-gap discharge. C, cavitation field, en- 
compassing target thrombotic artery, reaches its maximal dimension (1.9 + 0.5 cm?) 129 + 62 ms after application of shock 
waves. D, only few residual, stable cavitations remain in focal point 744 + 233 ms after application of shock waves. 





from the spark-gap discharge (recorded as electrical in- 
terference on the ultrasound image) to the event and 
multiplying by 33 ms (at frame rate of 30 frames/s; 
each frame represents 33 ms). Echocardiographic stud- 
ies were performed with and without the presence of an 
arterial segment at focal point to determine the contri- 
bution of acoustic impedance mismatch between the ar- 
terial segment and water to the production of cavitation. 

Statistical analysis: Data were summarized as mean 
+ SD. Differences between groups were analyzed using 
the unpaired, 2-tailed Student's t test. A p value «0.05 
was considered significant. 


RESULTS 

Thrombus ablation: The thrombus generated in vi- 
tro had a diameter of 3 mm, length of 3.2 + 0.4 cm, 
and weight of 0.24 + 0.08 g. In the test group, applica- 
tion of shock waves dramatically reduced the weight of 
solid thrombus (0.25 + 0.16 vs 0.07 + 0.003 g; p= 
0.0001). 

Histopathologic analysis: After application of shock 
waves, there were no perforations or other gross signs of 
damage to the arterial segments. Histologic examina- 
tion revealed occasional cleavage planes between the in- 
tima and media along the internal elastic membrane, 
and between the media and adventitia along the exter- 
nal elastic membrane. These cleavage planes were simi- 
lar in magnitude in both groups. Accordingly, these 
breaks were attributed to handling and processing, rath- 
er than to acoustic trauma.? The variability of the elas- 
tic fibers in the internal elastic lamina, which is associ- 
ated with the existence of arteriosclerotic changes, was 
in similar proportions in both groups. Otherwise, no 
change in the architecture of the arterial wall was ob- 
served (Figure 2). No cellular damage was noted in the 
intima, media or adventitia. The residual thrombi in 
both groups were identical in composition and structure. 

Cavitation analysis: Immediately after the applica- 
tion of shock waves (<33 ms), a localized, transient, 
dense field of cavitation was formed at the focal point, 
the site of maximal energy density, encompassing the 
thrombotic arterial segment. The field of cavitation at- 
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tained its maximal dimension (1.9 + 0.5 cm?) within 
129 + 62 ms; thereafter, it gradually declined in size 
and density. After 744 + 233 ms, only a few stable cavi- 
tations were apparent at the focal point (Figure 3). The 
production of cavitation after the application of shock 
waves was characteristic and independent of the pres- 
ence of an arterial segment at the focal point. 


DISCUSSION 

The biological use of focused, high-intensity, acous- 
tic energy was first studied by Lynn et al® in 1942. They 
demonstrated that focused, acoustic energy can produce 
deep, localized damage at the focal point in various bio- 
logical tissues in vitro and in vivo, with minimal effect 
on the surface and no effect on the intervening tissue. 
Approximately 30 years later, the use of focused, acous- 
tic energy reemerged in the biomedical field. Experi- 
mental investigation in the use of focused shock waves 
has led to nonsurgical treatment of upper urinary tract 
calculi.’ Extensive experience with shock-wave lithotrip- 
sy has demonstrated the method to be safe and highly 
effective.’® 

This study is the first to show the feasibility of using 
focused, acoustic energy for noninvasive, targeted and 
selective thrombus ablation. When thrombotic human 
arterial segments were placed at the focal point of fo- 
cused shock waves, a significant ablation of thrombus 
with no apparent damage to the arterial wall was ob- 
served. However, the absence of cellular damage in vi- 
tro is limited evidence for the safety of this method. 
Further in vivo experiments will be needed to confirm 
the safety of shock-wave thrombus ablation. The small 
reduction in thrombus weight observed in the control 
group is mainly attributable to clot retraction between 
the time of thrombus induction and the ablation experi- 
ment (12 + 3 hours). 

The data, documenting the effective and selective 
noninvasive thrombus ablation by high-power, acoustic 
energy, are consistent with those in studies of ultrasonic 
thrombus ablation by acoustic energy transmitted by a 
catheter.23 Those studies also show that the level of 
acoustic energy necessary to ablate thrombus has a min- 
imal effect on the arterial wall. 

The mechanism of shock-wave lithotripsy is believed 
to be associated with the acoustic impedance mismatch 
between the target calculus and surrounding soft tissue. 


When the shock waves reach the target, the presence of 
the acoustic impedance mismatch produces pressure 
changes of magnitudes sufficient-for shuttering the tar- 
get calculus.’ In this study, shock waves effected throm- 
bus ablation despite the similarities in impedance prop- 
erties between the fresh thrombus and the surrounding 
water, suggesting that a different mechanism may be 
operating here. During shock-wave thrombus ablation, 
a localized, transient field of cavitation is produced at 
the focal point encompassing the target thrombotic ar- 
tery. Cavitations are believed to be responsible for the 
thrombus ablation in ultrasonic angioplasty? These 
generate localized disruptive mechanical forces capable 
of degrading several polymers,!®!! including fibrin poly- 
mer that forms the structural basis of solid thrombus. In 
ultrasonic thrombus ablation, the cavitation effect dis- 
rupts the fibrin polymer with the generation of an abun- 
dance of fibrin fragments.” Thus, the data suggest that 
the localized production of cavitation at the pont of 
maximal, acoustic energy density may be important in 
the mechanism for thrombus ablation. 
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Role of Transesophageal Echocardiography in 
Evaluation of Pulmonary Venous Obstruction by 
Paracardiac Neoplastic Masses 
Wei Dong Ren, MD, Gian Luigi Nicolosi, MD, Chiara Lestuzzi, MD, 


Francesco Antonini Canterin, MD, Paolo Golia, MD, Eugenio Cervesato, PhD, 
and Domenico Zanuttini, MD 


From 71 consecutive patients with paracardiac 
neoplastic masses who underwent transesophage- 
al echocardiography (TEE), obstruction of individ- 
ual right upper pulmonary venous flow by com- 
pression by contiguous mass was detected by TEE 
in 4 patients before and disappeared after anti- 
neoplastic treatments. Pulmonary vein, contiguous 
neoplastic mass and their relation could be clearly 
visualized and assessed by TEE. Pulmonary ve- 
nous obstruction was assessed as moderate de- 
gree by combination of Doppler flow characteris- 
tics and diameter of pulmonary vein. Before thera- 
py, peak velocities and time-velocity integrals in 
obstructed right upper pulmonary venous flow 
were increased, whereas deceleration times of 
systolic flow were prolonged. After therapy, peak 
velocities and time-velocity integrals were reduced 
and deceleration times of systolic flow were short- 
ened, with normalization of the diameter of the 
right upper pulmonary veins. Thus, TEE may be 
used to detect and evaluate pulmonary venous ob- 
struction by neoplastic masses and its changes af- 
ter antineoplastic treatments. 

(Am J Cardiol 1992;70:1362-1366) 
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cently been shown to be useful in the noninvasive 

diagnosis of the obstruction of pulmonary vein 
flow.! To our knowledge, there has not been any investi- 
gation, using this technique, on the evaluation of the 
obstructive pulmonary vein flow caused by compression 
of closely related neoplastic masses inside the chest. In 
this study, we used TEE to evaluate changes in pulmo- 
nary venous flow in 4 selected patients before and after 
therapeutic relief of pulmonary venous obstruction due 
to compression by neoplastic masses. 


T rne echocardiography (TEE) has re- 


METHODS 

Patients: From October 1988 to June 1991, 71 pa- 
tients (3 men and 1 woman, aged 24 to 52 years [mean 
35]) with paracardiac neoplastic masses underwent 
TEE at our institution. In 4 of these patients we were 
able to document both the obstruction of the right upper 
pulmonary vein, resulting from the compression by neo- 
plastic masses, and the relief of the obstruction after 
therapy. Patient 1 had sarcoma, patient 2 had Hodg- 
kin's disease, patient 3 had Non-Hodgkin's Lymphoma 
and patient 4 had Merkel's tumor. All diagnoses were 
confirmed by tissue biopsy. Electrocardiograms were 
normal, with sinus rhythm in all patients. The size and 
position of neoplastic masses inside the chest and their 
relation to pulmonary veins were assessed by computed 
tomography (3 cases) and magnetic resonance imaging 
(1 case). Two patients were treated with radiotherapy, 1 
with chemotherapy and 1 with both radiotherapy and 
chemotherapy. Disappearance or marked reduction in 
size of the masses were achieved in all patients. The 
patients were studied by TEE before and 37 to 201 day: 
(mean 138) after chemotherapy or radiotherapy, or 
both. 

Transesophageal echocardiography: All patients 
were studied using commercially available Aloka SSD 
870 color Doppler imaging ultrasonic equipment with a 
5 MHz endoscope biplane transducer. The patient: 
were positioned in the left lateral decubitus position 
and after administration of a local pharyngeal anesthe- 
sia, the transesophageal endoscope was inserted. Pulmo- 
nary veins were visualized by rotating and tilting the 
transducer to the far leftward or rightward upper por: 
tions of the left atrium. Special attention was paid t« 
the relation between pulmonary veins and neoplastic 
masses. Maximal size and area of neoplastic masses anc 
the smallest diameter of pulmonary veins were mea: 
sured with 2-dimensional echocardiography. None o 
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the patients had evidence of valvular regurgitation or 
left ventricular dysfunction. Pulsed Doppler tracings of 
pulmonary venous flow were recorded by placing the 
sample volume (2 mm in size) at the narrowest portion 
of the pulmonary vein in the obstructed pulmonary vein 
and approximately 0.5 to 1 cm proximal to venoatrial 
confluence in the nonobstructed pulmonary vein. The 
Doppler beam of interrogation was as parallel as possi- 
ble to the long axis of pulmonary vein flow, as judged 
by color Doppler. Color Doppler flow was used to visu- 
alize obstructed or maximal forward flow. Two-dimen- 
sional images and pulsed Doppler tracings were record- 
ed on videotape and photographic paper at speed of 50 
mm/s for further analysis. Pulsed Doppler tracings of 
pulmonary veins were digitized and peak velocities, 
time-velocity integrals and deceleration times of systolic 
and diastolic flow were measured on the basis of previ- 
ous reports by a computer-assisted system on 5 consecu- 
tive cardiac cycles at the end of respiration.” Mean 
values were used for further analysis. To reduce poten- 
tial variations, due to individual differences and to the 
differences between right- and left-sided pulmonary ve- 
nous flows and between 2 subsequent examinations, pa- 
tients were evaluated as their own control. All variables 
measured in the obstructed pulmonary vein were com- 
pared with those in the nonobstructed pulmonary vein 
in the same patient. Furthermore, all variables derived 
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FIGURE 1. Two-dimensional images and pulsed Doppler tracings on transesophageal echocardiography in patient 4. Before 


TABLE | Echocardiographic and Doppler Parameters of Upper Pulmonary Veins in Four 


Before Therapy 


Right 


Vein diameter (mm) 485+08 97 £148 8352+1.01 9821.45 
Peak systolic velocity (cm/s) 95+ 16 61+ 16 46+1 58 + 10 
Peak diastolic velocity (cm/s) 6225 46+ 14 39+10 43 +14 
Systolic time-velocity integral (cm) 23.3+4 14325 721 14+3 
Diastolic time-velocity integral (cm) 11.334 9.5+6 5.5 2:3 "Po 2 
Deceleration time of systolic velocity (ms) 236.2 15 123 + 16 164 +15 150 + 19 
Deceleration time of diastolic velocity(ms) 138+ 74 112 + 41 103 + 45 105 + 33 


Values are mean + SD. 









After Therapy 







Left Right Left 


















from the same pulmonary vein were compared befor: 
and after therapy. All values are expressed as mean + | 
SD. 

Statistical analysis: The paired ¢ test was used t 
compare data from obstructed and nonobstructed pul 
monary veins and the changes after therapy. 


RESULTS 

The results (mean of the 4 patients) are listed 1 
Table I. All patients had echogenic masses surrounding 
and compressing the right upper pulmonary vein befor: 
therapy. The diameter of the compressed vein was nar: 
rowed, compared with the left upper pulmonary vein ir 
each patient (3.8 vs 9.6, 5 vs 8.4, 4.2 vs 9, and 4 vs 11.8 
mm, respectively; p <0.05). After therapy with disap 
pearance or reduction in size of neoplastic masses, tht 
diameter of the right upper pulmonary vein becam 
similar to that of the left upper pulmonary vein, 7.2, 8.6 
8 and 9.6 mm, respectively. Meanwhile nonobstructec 
left upper pulmonary veins remained unchanged afte 
therapy (Figures 1 and 2). 

In all obstructed right upper pulmonary veins, tht 
Doppler velocity pattern was biphasic or triphasic, witl 
various degrees of obstructed flow. Peak systolic anc 
diastolic velocities were 95 + 16 and 62 + 5 cm/s, re 
spectively, and were reduced to 46 + 1 and 39  1( 
cm/s after therapy (p «0.05 and p «0.005, respective: 


T 
T) 





therapy (A), the right upper pulmonary vein was compressed by contiguous mass (arrows), and the velocity was increased 
(right). After therapy (B), the diameter of the vein was normalized with marked reduction in size of the mass (arrows) and re- 


duction of the velocity (right). 
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ly). Systolic and diastolic time-velocity integrals were 
23.3 + 4 and 11.3 + 4 cm, respectively, reduced to 7 + 
] and 5.5 + 3 cm after therapy (p «0.005 and p «0.01, 
respectively). Deceleration times of systolic and diastol- 
ic velocities were 236 + 15 and 138 + 74 ms, respec- 
tively, shortened to 164 + 39 ms (p <0.05) and 103 + 
45 ms (p = not significant) after therapy. In contrast, 
all Doppler variables in the left upper pulmonary veins 
remained relatively unchanged and normal in 2 exami- 


Post-T 


nations (Table I, Figure 3). The results of statistical 
analysis comparing different groups of data are summa- 
rized in Table II. 

Compared with nonobstructed left upper pulmonary 
veins in the same patient before therapy, peak velocities, 
time-velocity integrals and deceleration times of systolic 
and diastolic flow of the obstructed right upper pulmo- 
nary veins were increased, although only the difference 
in deceleration time of systolic velocity was statistically 





FIGURE 2. Diameters (mm) of right (A) and left (B) upper pulmonary veins before (Pre-T) and after (Post-T) therapy. The diam- 
increased unchanged 


eters of the right veins were 


Peak Systolic Velocity ( cm/s ) 
right upper pulmonary vein 


A Pre-T Post-T 


Peak Systolic Velocity ( cm/s ) 
left upper pulmonary vein 


C  Pre-T 
FIGURE 3. Peak systolic and diastolic velocities of right (A and B) and left (C and D) upper pulmonary veins of the 4 patients 


before (Pre-T) and after (Post-T) therapy. 


after therapy, with relatively 





diameter of the left veins. 


Peak Diastolic Velocity ( cm/s ) 
right upper pulmonary vein 


s 


Pre-T Post-T 


Peak Diastolic Velocity ( cm/s ) 
left upper pulmonary vein 


The peak systolic (A) and diastolic (B) velocities of the right veins were decreased af- 
unchanged. 


ter therapy, whereas peak systolic (C) and diastolic (D) velocities of the left veins were relatively 
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TABLE Il Statistical Analysis (paired t test) of Data Before and After Therapy 


Before 
Versus 
After Therapy 


Vein diameter 

Peak systolic velocity 

Peak diastolic velocity 

Systolic time-velocity integral 
Diastolic time-velocity integral 
Deceleration time of systolic velocity 
Deceleration time of diastolic velocity 


t (p <0.005) 
| (p «0.05) 
| (p «0005) 
| (p <0.005) 
| (p <0.01) 
| (p «0.005) 
} (NS) 


Right Upper Pulmonary Veins 


After 
Versus 
LUPV After 


Before 
Versus 
LUPV Before 


| (p «0.05) 
1 (NS) 

1 (NS) 

1 (NS) 

1 (NS) } (NS) 
1 (p «0.001) 1 (NS) 
1 (NS) — 


} (NS) 
} (NS) 
} (NS) 
| (p <0.05) 


LUPV = left upper pulmonary vein; NS = not significant; | = decreased; 1 = increased; — = unchanged. 


significant. After relief of obstruction, all variables ex- 
cept systolic time-velocity integral of the right upper 
pulmonary veins were similar to those in the left upper 
pulmonary veins. Systolic time-velocity integral of the 
right upper pulmonary veins was significantly lower 
than that of the left upper pulmonary veins (7 + 1 vs 14 
+ 3 cm; p <0.05). 


DISCUSSION 

Acquired pulmonary venous obstruction by extrinsic 
compression is rare, but may possibly have dangerous 
sequelae.!:45 The pulmonary vein structure and flow in 
normal and abnormal states are difficult to study be- 
cause there is no convenient routine diagnostic method 
to do it. In the past, the diagnosis of pulmonary venous 
obstruction was obtained by invasive methods, or even 
only after autopsy. 

Transthoracic 2-dimensional and Doppler echocardi- 
ography have recently been used to noninvasively detect 
and evaluate the presence of pulmonary venous obstruc- 
tion and its Doppler echocardiographic characteristics 
in patients with congenital heart diseases.™!° Pulmonary 
venous obstruction was characterized by high pulmo- 
nary venous flow velocity with turbulent biphasic or 
continuous pattern on Doppler spectrum. Wesley Vick 
III et al!? found 100% agreement with catheterization 
in severe pulmonary vein obstruction (diastolic flow ve- 
locity >2 m/s on Doppler echocardiography, mean dia- 
stolic pressure gradient >16 mm Hg at catheterization) 
in 12 patients, but failed to assess accurately lesser 
grades of obstruction. TEE allowed documentation of a 
case of acquired pulmonary venous obstruction due to 
extrinsic compression, which was not detected by trans- 
thoracic Doppler echocardiography.! 

In our study, pulmonary veins, contiguous neoplastic 
masses and their relation could be clearly visualized and 
assessed by TEE. Several Doppler abnormalities, which 
disappeared after antineoplastic therapies, were also de- 
tected. 

The diagnosis of pulmonary venous obstruction at 
catheterization is based on an abnormal pressure gradi- 
ent between the pulmonary vein and left atrium. Dopp- 
ler velocity may properly reflect the pressure gradient 
because it is proportional to the pressure gradient itself. 
The greater the pressure gradient, the higher the Dopp- 





ler velocity. However, previous investigations with 
transthoracic echocardiography have demonstrated that 
it is impossible to distinguish a mild degree of obstruc- 
tion from no obstruction depending on peak Doppler ve- 
locity alone.?!? In our 4 patients, maximal obstructed 
Doppler velocity was «110 cm/s and diameters of ob- 
structed right upper pulmonary veins were reduced 
about 5096. This could be defined as nonsevere obstruc- 
tion. Furthermore, we found significant alterations in 
time-velocity integral and deceleration time of systolic 
flow. 

Because there is individual variability of Doppler pa- 
rameters, we considered the patient as his own control. 
Even if most of the differences between right (com- 
pressed) and left upper pulmonary veins in this small 
series were not statistically significant, after antineo- 
plastic therapies all obstructed velocities, time-velocity 
integrals and deceleration times were markedly and sig- 
nificantly reduced. The changes in Doppler velocities 
were associated with the normalization in diameters of 
obstructed right upper pulmonary veins after therapy. 
In contrast, nonobstructed pulmonary venous Doppler 
parameters remained relatively unchanged in the same 
patient. Therefore, we suggest that it is possible to eval- 
uate nonsevere pulmonary venous obstruction in select- 
ed patients by combined assessment of Doppler flow 
pattern and narrowed 2-dimensional diameter of pulmo- 
nary vein on TEE. 

Clinical implications: Congenital obstruction of 1 
pulmonary vein may not necessarily lead to clinical 
symptoms, even if >1 of 4 pulmonary venous obstruc- 
tions may be of lethal outcome.5 Unlike congenital pul- 
monary venous obstruction, the obstruction caused by 
neoplastic masses is variable depending on development 
or relief of compression by neoplastic masses. If masses 
are growing quickly, clinical symptoms may be more 
severe. Thus, monitoring of changes of neoplastic 
masses and obstructed pulmonary vein flow may be im- 
portant for clinical decision making. 

Conclusions: TEE is a reliable and sensitive method 
for evaluating pulmonary venous obstruction. Even a 
nonsevere obstructed pattern of the pulmonary vein 
could be detected. The combination of 2-dimensional 
echocardiography of pulmonary veins and Doppler 
analysis of flow can improve our ability of diagnosing 


TRANSESOPHAGEAL ECHOCARDIOGRAPHY 1365 





eS NS SiS 


their obstruction. Therefore, we suggest that TEE may 
play an important role in evaluating and monitoring 
pulmonary venous obstruction by extrinsic compression 
and its changes following relief of compression. 
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Analysis of Fractional Area Change at Various Levels in the Normal 


Left Ventricle 


Michael J. Domanski, MD, Robert E. Cunnion, MD, and William C. Roberts, MD 


ercent change in left ventricular cross-sectional area 
between diastole and systole (fractional area 
change) is an ejection phase index of contractile func- 
tion.! Normal values for fractional area change have been 
determined at the level of the papillary muscles in the 
echocardiographic parasternal short-axis view,? and frac- 
tional area change has been found to correlate well with 
ejection fraction in both normal and abnormal subjects.? 
We studied 8 subjects with normal left ventricular func- 
tion to assess whether fractional area change varies sig- 
nificantly at different cross-sectional levels of the left 
ventricular cavity. 
A complete echocardiographic study was performed 
in each subject using a Hewlett-Packard Sonos 1000 
imaging system. As part of this imaging study, the para- 
sternal short-axis view was obtained, and a sweep was 
made from the base of the heart toward the apex. Frac- 
tional area change was then determined at 5 or 6 differ- 
ent left ventricular cross sections, using the image analy- 
sis package supplied with the Sonos 1000 system, and 
the following formula: fractional area change = (end- 
diastolic — end-systolic area)/end-diastolic area. For 
each subject, each cross-sectional location was charac- 
terized as the ratio A/Amax, where A is the area of a 
particular end-diastolic cross section and Amax is the 
maximal end-diastolic cross-sectional area obtained in 
the given subject (Figure 1). The endocardium was 
traced manually. Tracings were obtained across the pap- 
illary muscle bases so that papillary muscle area was not 
excluded from the cavity cross section. 
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FIGURE 1. Calculation of end-diastolic area ratios. The loca- 
tion of each cross section between apex and base is character- 
ized as A/Amax, Where A is the area of a particular end-dia- 
stolic cross section, and Ama, is the maximal end-diastolic 
cross-sectional area obtained in the given subject. The illustra- 
tion is schematic; the ventricular cross sections actually stud- 
ied are not necessarily evenly spaced and do not necessarily 
parallel one another. 


The results for the 45 cross sections are shown in 
Figure 2. An attempt was made to draw cross sections 
with minimal as well as maximal end-diastolic areas. In 
each subject, as the cross sections became more apical, it 
became increasingly difficult to visualize and trace the 
entire endocardial outline of the ventricle. Hence, among 
the 8 subjects, the most apical cross sections from which 
fractional area changes could be obtained had end-dia- 
stolic area ratios ranging from 0.31 to 0.81 (mean 0.67). 
Over these more basal regions of the ventricle from 
which it was practical to obtain a complete tracing, how- 
ever, there were no significant differences in fractional 
area change. The r values of individual subjects ranged 
from 0.05 to 0.79 (for each subject and for the pooled 
group p = not significant).* 

The data suggest that even moderately large changes 
in the location of the cross section selected to measure 
fractional area change do not significantly alter the mea- 
surement. This implies that when the fractional area 
change measurement does change, it represents a true 
change in contractile function. It also implies that in 
ventricles without regional contractility differences, any 
serial change in fractional area change measurement for 
a given cross section is representative of the entire ventri- 
cle. In ventricles that do have regional contractility differ- 
ences, differing fractional area change measurements for 
different cross sections may reflect these regional dispari- 
ties. 
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FIGURE 2. Fractional area change shown as a function of 
cross-sectional location, expressed as a ratio of end-diastolic 
areas (A/Amax). For the 8 patients studied, the fractional area 
change was 0.60 + 0.06 (mean + SD) and was not significant. 


+ 2 SD to be 0.48 to 0.72. 
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APPENDIX: Echocardiographic Measurements of Fractional 
Area Change and Cross-Sectional Location (A/Amax) in Eight 
Subjects with Normal Left Ventricles 


Mean Fractional 
Area Change (+ SD) 


Fractional Area 
Change 


0.56 + 0.02 


0.65 + 0.02 


0.63 + 0.02 


0.59 + 0.04 





In conclusion, in subjects with normal left ventricles, 
fractional area change does not vary significantly at dif- 
ferent cross-sectional levels of the left ventricular cavity, 
at least when the cross sections are in the more basal 
portions of the ventricle. This fact should simplify the use 
of fractional area change in the assessment of contractile 
function. 


APPENDIX: (Continued) 


Fractional Area Mean Fractional 


Pt. A/Amax Change Area Change (+ SD) 
5 1.00 0.72 0.69 + 0.05 
0.90 0.66 
0.86 0.62 
0.79 0.68 
0.34 0.74 
0.31 0.73 
6 1.00 0.61 0.56 + 0.04 
0.90 0.56 
0.86 0.58 
0.81 0.55 
0.78 0.50 
0.62 0.54 
7 1.00 0.56 0.51 + 0.03 
0.95 0.50 
0.94 0.52 
0.89 0.48 
0.89 0.50 
0.77 0.48 
8 1.00 0.60 0.60 + 0.06 
0.99 0.60 
0.91 0.59 
0.84 0.62 
0.72 0.50 
0.67 0.68 
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Scarring of the Left Ventricular Papillary Muscles in Sickle-Cell 


Katherine Berezowski, MD, Gisela C. Mautner, MD, and William C. Roberts, MD 


number of publications have described various find- 

ings in the heart in patients with sickle-cell disease. !-? 
In general, both ventricular cavities are dilated, cardiac 
mass is increased, and the epicardial coronary arteries are 
dilated. Although the cardiac valve leaflets are usually 
normal anatomically, precordial systolic murmurs are 
common in these patients.?^? Although infarcts are com- 
mon at necropsy in the lungs, spleen, liver, kidneys and 
even brain in sickle-cell disease, grossly visible myocardi- 
al infarcts are rare in these patients.*^ Because patients 
with sickle-cell disease usually have severe and chronic 
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anemia, and because the papillary muscles are believed to 
be the last portion of the heart to be perfused by blood 
through the coronary system, we systematically exam- 
ined the left ventricular papillary muscles at necropsy in a 
group of patients with sickle-cell anemia for foci of necro- 
sis or fibrosis, findings indicative of inadequate myocardi- 
al perfusion. 

The files of the Pathology Branch were searched for 
cases classified as “sickle-cell disease" or “anemia.” In 
all, 20 cases were retrieved. On reexamination of clinicai 
records, however, 2 cases were excluded because patients 
were toddlers (aged 2 and 3 years). Five other cases were 
eliminated because the hearts or histologic slides of pap- 
illary muscles were not available for reexamination. 
Thus, this study was limited to 13 cases of classic sickle- 
cell disease (diagnosed by electrophoresis). The perti- 
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TABLE I Clinical and Necropsy Findings in 13 Black Patients with Sickle-Cell Disease 


Chronic 
CHE «SD. PE. (g) 


Age (yr) 


Case &Sex 


+ 


1 
2 
3 
4 
5 
6 
7 
8 
9 


++ O+4+++0+100 
+O4+ 0000000400 
S0000+04+04+04++0 
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LV PM 


Major CA LVFW Myocardial Intra- 
| >75% CSA  orVS Iron cardiac 
by Plaque Scarring | (0-34) Thrombi 
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CA = coronary artery; CHF = congestive heart failure; CSA = cross-sectional area; HW = heart weight; LV = left ventricle; 
LVFW = left ventricular free wall; PE = pulmonary emboli; PM = papillary muscle; SD = sudden death; VS = ventricular 


septum. 


nent clinical and morphologic findings are tabulated in 
Table I. All patients had severe chronic anemia (blood 
hematocrit <30%). Detailed information on the precor- 
dial examination was available in only 5 patients, and 
each had grade 2/6 systolic apical and basal murmurs. 
The heart in each patient was examined initially by 
WCR and reexamined by each investigator. Sections 
were prepared for histologic study from each left ventric- 
ular papillary muscle. Each section was stained by both 
hematoxylin and eosin, and for iron (Prussian blue). 
At least 1 left ventricular papillary muscle was 
scarred in 9 patients (Figures 1 and 2). Additionally, a 
right ventricular papillary muscle was examined histo- 
logically in 12 patients, and this structure was scarred in 
2. One patient (case 11; Table I) had a large, healed, left 
ventricular posterior wall infarct and severe narrowing 
of the lumen of the right coronary artery by atheroscle- 
rotic plaque. No patient had myocardial necrosis. Both 
ventricular cavities were dilated in all 13 patients. Six 
patients (46%) had iron in the myocardium, presumably 
the result of numerous blood transfusions in the past. 
This study indicates that ischemic change (namely 
fibrosis) occurs frequently in 1 or both left ventricular 









FIGURE 1. Case 8 (Table I). Close-up view of scarred left 
papillary 





ventricular muscle. 
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FIGURE 2. Case 1 (Table I). Photomicrographs of histologic 
sections of papillary muscles. A, fibrosis of right ventricular 
papillary muscle. B, focal areas of fibrosis in the left ventricu- 
lar papillary muscle. Elastic van Gieson stains (original magni- 
fication <5; reduced by 41%). 
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Papillary 
muscle 





FIGURE 3. Schematic view of distribution of fibrosed areas in 
papillary muscle. The left ventricular papillary muscles are the 
last portions of the heart to be perfused with coronary arterial 
blood. To perfuse the apices of the papillary muscles, the cor- 
onary artery (CA) must extend through the entire thickness of 
the myocardial free wall, turn uphill, and ascend a distance of 
at least 1 and often 2 thicknesses of the free wall. 


papillary muscles in patients with sickle-cell disease. The 
left ventricular papillary muscles appear to be the last 
cardiac structure to be perfused by arterial blood,° and 
therefore, if any cardiac structure is inadequately per- 
fused it would logically be these structures (Figure 3). 
Although the epicardial coronary arteries are dilated in 
these chronically and severely anemic patients, this dila- 
tation and resulting increased capacity for coronary blood 
flow is usually not a completely adequate, compensatory 
mechanism to prevent inadequate perfusion of the left 
ventricular papillary muscles. It is also possible that a 
sharp reduction in the usually chronically low blood he- 
matocrit (as may occur in a sequestration, aplastic or 
hemolytic crisis) plays a role in the development of papil- 
lary muscle lesions.’ Thus, these structures can be viewed 
as sensitive indicators of inadequate myocardial perfu- 
sion. 
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Limitations in the Assessment of Changes of Cardiac Output by 
Doppler Echocardiography Under Various Hemodynamic Conditions 


Chunzeng Lu, MD, Gian L. Nicolosi, MD, Claudio Burelli, MD, Matteo Cassin, MD, Fabio Zardo, MD, 
Marco Brieda, MD, Eugenio Cervesato, PhD, and Domenico Zanuttini, MD 


everal groups have reported successful estimation of 

cardiac output (CO) by the Doppler echocardiogra- 
phy volume flow method.!-? Recently, considerable effort 
was directed toward the use of the Doppler method for 
the evaluation of changes in CO during pharmacologic or 
stress intervention.^ 5 However, these measurements still 
rely on a combination of 2-dimensional imaging and 
Doppler flow data, both of which have several inherent 
sources of error. The purpose of this study was to (1) test 
whether the Doppler volume flow method through the 
aortic annulus is suitable for detecting rapid changes in 
CO during subsequent modifications of hemodynamic 
conditions (baseline, during intravenous nitroglycerin, 
and immediately after ventriculography and aortogra- 
phy) compared with simultaneous measurements by the 
thermodilution technique, and (2) assess the degree of 
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agreement between the 2 techniques by both correlatior 
and Bland-Altman statistical methods." 

The study comprised 24 patients (22 male and : 
female, mean age 54 years, range 15 to 68) undergoing 
catheterization for evaluation of coronary artery disease 
All patients had regular sinus rhythm, and none hac 
aortic valvular or congenital abnormalities. There were 4 
patients without and 20 with coronary artery disease (1€ 
with previous myocardial infarction). 

At the beginning of routine catheterization, a thermo. 
dilution catheter (Edwards Swan-Ganz, Baxter) was po: 
sitioned in the main pulmonary artery. Flow velocity ii 
the aortic annulus was recorded by the Doppler tech. 
nique, and CO was simultaneously measured by thermo. 
dilution. These measurements were obtained after pa 
tients had rested for 15 minutes in the supine positioi 
(baseline). After baseline measurements, 0.2 to 0.4 m; 
of nitroglycerin was administered by intravenous bolu. 
to decrease left ventricular end-diastolic pressure b) 
7 2095. When hemodynamic values stabilized, Dopple 
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TABLE I Cardiac Output Measured by Doppler and Thermodilution During Four Phases 
(mean + SD; liters/min) 


Baseline 


6.09 + 1.29 
6.28 + 1.33 


Doppler 
Thermodilution 


5.66 + 1.10 
5.92 + 1.23 


6.62 + 1.21 
6.95 + 1.06 


6.80 + 1.50 
7.20 + 1.49 


ATG = aortography; NTG = nitroglycerin; VTG = ventriculography. 


and thermodilution measurements were repeated. When 
hemodynamic values returned to baseline, contrast ven- 
triculography was performed with an average of 30 ml of 
a commercial contrast agent (Iohexol, Shering) injected 
over 3 seconds. Thermodilution and Doppler recordings 
were repeated immediately after ventriculography, and 
hemodynamic values were allowed to return to baseline 
again. The ascending aortography was finally performed 
with an average of 35 ml of the contrast agent, and both 
measurements were repeated. 

A commercially available phased-array 2-dimen- 
sional echocardiographic Doppler system (HP, Sonos- 
1000, 2.5 MHz) was used. The aortic annulus diameter 
was measured in the parasternal long-axis view, and 
distances were determined by use of the leading edge-to- 
leading edge standard.’ The diameter was determined 
only at baseline, and this value was assumed to be con- 
stant and used during all phases of CO calculations. The 
pulsed Doppler sample volume was positioned in the 
middle of the left ventricular outflow immediately prox- 
imal to the aortic valve leaflets from the apical 5-cham- 
ber view. The beam direction was adjusted to obtain the 
optimal forward flow velocity and recorded by tape re- 
corder. The outline contour of the velocity curve was 
traced by playback measurements, and the time velocity 
integral was derived automatically. Doppler-determined 
CO was calculated as the product of the Doppler time- 
velocity integral, heart rate and cross-sectional area of 
the aortic annulus, which was considered as a circle. 

CO was measured by another investigator using the 
thermodilution technique (Baxter COM-2 with curve 
and digital display). The CO estimate was taken as the 
mean of 3 consecutive measurements by injecting 10 ml 
of saline solution. 

To analyze the agreement between the Doppler and 
thermodilution methods more appropriately, data were 
processed by both the correlation-regression and Bland- 


Baseline 


Nitroglycerin 


( l/min ) 


Doppler 







r = 0.94 
SEE = 0.47 


3 5 7 9 3 5 7 


Cardiac output (l/min) Cardiac output 








( 1/min) 


Altman methods. Student's t and Fisher's F tests wer: 
used to compare the mean values and SD among th 
different phases. Means of the 2 techniques were com: 
pared by Student's paired t test, and a p value <0.05 wa: 
considered statistically significant. Inter- and intraob: 
server variability of Doppler technique was calculated a: 
the coefficient of variation in 10 patients. 

CO was measured by the Doppler and thermodilu: 
tion techniques simultaneously in 24 patients during 4 
phases. The times for the hemodynamic value to retur! 
to baseline level were approximately 10 and 14 minute: 
after nitroglycerine infusion and ventriculography, re: 
spectively. The means + SD of CO measured by the : 
techniques during 4 phases are listed in Table I. A gooc 
correlation coefficient was obtained between the 2 tech. 
niques at baseline (r = 0.94), which was lower during the 
3 subsequent hemodynamic phases (r = 0.83, 0.87 anc 
0.79, respectively) than at baseline (Figure 1). The mea! 
(range) absolute changes of CO from baseline to nitro: 
glycerin were 0.40 (—1.14 to 1.63) and 0.35 (—1.06 t 
2.25) liter/min by Doppler and thermodilution, respec: 
tively, and the correlation coefficient between the abso: 
lute changes obtained by the 2 techniques was signifi. 
cantly lower (r = 0.70) than at baseline (p <0.01) (Fig: 
ure 2). 

We used the Bland-Altman method to assess agree: 
ment between the 2 techniques by plotting the arithmetic 
difference (CO; — CO,) on the ordinate against th 
arithmetic average ((CO; + CO;]/2) on the absciss« 
(Figures 3 and 4). The differences between each pair o, 
CO estimates measured by the 2 techniques at baselin 
were distributed around mean difference, whereas ther: 
were considerably larger variations between the 2 tech. 
niques during the 3 subsequent phases than at baselin 
(Figure 3). No significant differences were found in th 
mean CO, — CO, among the 4 phases (—19 liters/min a 
baseline vs —0.26, —0.40 and —0.33 liters/min at the : 
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FIGURE 2. Correlation between Doppler and thermodilution 
measurements of absolute change of cardiac output from 
baseline to nitroglycerin phase. 


subsequent phases, respectively; all p = not significant). 
The SD of CO, — CO, during the nitroglycerin, left 
ventriculography and aortography phases were signifi- 
cantly increased compared with at baseline (0.72, 0.73 
and 0.77 liter/min, respectively, vs 0.47 liter/min; all p 
«0.05) (Figure 3). The mean + 2 SD produced 95% 
limits of agreement for the 2 technique estimates of 
—1.12 to 0.72 liter/min (—18 to 12% of mean CO) at 
baseline compared with —1.72 to 1.15 liters/min (—31 to 
21%), —1.86 to 1.07 liters/min (—27 to 15%) and —1.89 
to 1.20 liters/min (—28 to 18%) at the nitroglycerin, left 
ventriculography and aortography phases, respectively 
(Figure 3). For the 2 techniques' measurements of abso- 
lute changes of CO from baseline to the nitroglycerin 


l/min Baseline l/min Nitroglycerin 
a 





phase, the 95% limits of agreement was —0.97 to 1.07 
liters/min, as high as 268 to 293% of the mean absolute 
change of CO by the 2 techniques (Figure 4). 

The coefficient variations of inter- and intraobservei 
for Doppler measurements were 3.4, 3.1% at baseline. 
4.6, 4.2% during the nitroglycerin phase, 4.1, 4.7% dur- 
ing left ventriculography, and 3.9, 3.1% during aortogra- 
phy, respectively. 

The inherent sources of error in the components o! 
Doppler volume flow calculation are relevant and coulc 
be even more important during rapid changes in hemody: 
namic status. However, the limitations in the assessment 
of changes of CO have not been emphasized or clarifiec 
in detail. Using regression-correlation analysis, we founc 
lower correlation coefficients between the 2 technique: 
during the nitroglycerin phase, and after ventriculog 
raphy and aortography than at baseline. The SEE wa: 
larger during the 3 subsequent phases than at baseline 
but neither differences of r values nor of SEE were signifi. 
cant between baseline and the following phases. When we 
calculated the absolute changes of CO from baseline tc 
the nitroglycerin phase, a significantly lower r value wa: 
found between the 2 techniques (r = 0.70) (Figure 2). 

To investigate whether the 2 techniques agree suffi. 
ciently in the detection of rapid changes of CO or whethe: 
the 2 techniques can be used interchangeably in differen: 
hemodynamic conditions, we also used the Bland-Altmar 
statistical method’ to analyze the data measured by 
Doppler and thermodilution. ! 

In most previous studies of the estimation of CO oi 
stroke volume by Doppler echocardiography, the agree 
ment between Doppler and invasive results was investi 
gated only by using the correlation coefficient.^?:!9 This i 
not considered the optimal method for detecting the accu 
racy of a test or comparing the results of 1 step witl 
another.?:!!.!? The correlation coefficient can be affectec 
considerably by few reasonably accurate results at th 
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FIGURE 3. Difference between Doppler and thermodilution measurements of cardiac output (CO, — CO,) versus mean of 2 mea 


surements ([CO, + CO,]/2) at baseline, nitroglycerin phase, left ventriculography and 
measurements. 


and 95% limit of agreement (2SD) between 2 
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extremes of a range of data point and is largely dependent 
on the range of measurements under study.!! When we 
analyzed the data using the correlation coefficient meth- 
od, we could not precisely define the discrepancies or 
agreement between the 2 techniques nor the definite dif- 
ference among the 4 hemodynamic steps. The Bland- 
Altman statistical method is not affected by the range of 
values under study nor by the extremes of measurements. 
It has the added advantage of expressing the results in a 
clinically meaningful manner.??!.!? Applying this meth- 
od to our data, there were no systematic differences be- 
tween the estimates of CO obtained by the Doppler and 
thermodilution techniques either at baseline or during the 
3 following phases. However, there was no obvious rela- 
tion between the differences of each pair and their mean 
values during the 3 following phases. There were consid- 
erable variations between the 2 techniques during the 
nitroglycerin phase, left ventriculography and aortogra- 
phy compared with at baseline (SD 0.72, 0.73 and 0.77, 
respectively, vs 0.47; all p «0.05) (Figure 3). These find- 
ings are not due to the absolute magnitude of CO. This 
was confirmed because when the difference was calculat- 
ed as the percentage of the mean CO, larger variations 
were still present during the 3 following phases compared 
with at baseline. Therefore, an absence of agreement 
between the 2 techniques for detecting the rapid change 
of CO can be observed. A similar difference was found 
between the variations at rest and during exercise in the 
sitting position, and a larger error was found, with ap- 
proximately 45% (limit of agreement) of mean stroke 
volume during upright exercise compared with approxi- 
mately 35% at rest, as shown by Ihlen et al? 


2SD 





measurements 
and 95% limit of agreement (2SD) between 2 measurements. 


The results regarding 95% limits of agreement (mean 
+ 2 SD) show that Doppler may overestimate the ther- 
modilution CO by up to 0.72 liter/min or underestimate 
it by up to 1.12 liters/min at baseline. During the nitro- 
glycerin phase, left ventriculography and aortography, 
Doppler overestimation may be as high as 1.15, 1.07 and 
1.20 liters/min, respectively, and its underestimation 
may be as low as 1.72, 1.86 and 1.89 liters/min, respec- 
tively, compared with the thermodilution estimates. The 
data also indicate larger problems in assessing abso- 
lute changes of CO among the different hemodynamic 
phases. In analyzing the magnitude of absolute changes 
of CO from baseline to the nitroglycerin phase by the 
Bland-Altman method, we found that the 95% limit of 
agreement was as high as approximately 280% of the 
mean magnitude of absolute change of CO by the 2 
techniques (Figure 4). This error is unacceptable for any 
clinical purposes. 

Doppler measurement of volume flow is mainly de- 
pendent on 2 primary sets of variables, sectional area and 
flow velocity, both of which have intrinsic sources of 
error.!?!^ In most clinical studies^ using the Doppler 
method to assess changes in flow, it has been customary 
to measure the cross-sectional area once and assume that 
its size remains constant over the studied range of out- 
puts. Besides the fact that the aortic annulus changes 
minimally during ejection, the effects of increasing flow 
on the aortic annulus diameter were validated by Stewart 
et al^ with dog models, and they found a slight but 
significant increase in aortic annulus diameter. Although 
we can only infer that the aortic annulus diameter may 
have small changes during rapid alteration of hemody- 
namic parameters, this small error of diameter measure- 
ment could be amplified by calculating cross-sectional 
area. 

Hemodynamic alterations may have some influence 
on velocity profile at the level of the aortic annulus. The 
spatial distribution of blood flow velocities is generally 
assumed to be uniform with a “flat profile" at the aortic 
annulus level.9:!5 A velocity tracing obtained from a 
small, pulsed Doppler sample volume arbitrarily placed 
inside the cross section is thought to be representative for 
the whole range of velocity area. A recent study of the 
velocity distribution in normal subjects! indicated that 
the velocity profile in the aortic annulus is slightly 
skewed, with the highest velocities toward the septal part 
of the ring. Although there are no published data demon- 
strating the shape of the velocity profile in the aortic 
annulus during rapid alteration of hemodynamic condi- 
tions, we can suppose that the velocity profile could be 
even more skewed during rapid changes of the hemody- 
namic status. The shape of the velocity profile could be 
even more complex in abnormal cases. 

To accurately assess CO, we also assumed that mea- 
surements of velocity are sampled exactly at the same site 
where cross-sectional area is calculated.5!" However, 
measurements of velocity and area at slightly different 
sites are frequently unavoidable, because there is a fixed 
depth of Doppler sample volume against the continuing 
movement of the heart during the cardiac cycle. The 
entire aortic annulus is moving anteriorly, inferiorly and 
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to the left during the ejection. The amplitude of move- 
ments can increase when interventions are performed, 
such as pharmacologic stress or ventriculography with 
sudden hemodynamic changes. 

However, the thermodilution technique can also have 
several limitations and can not be considered as the gold 
standard for comparison with newer methods of measur- 
ing CO, although it is largely used and accepted in the 
clinical setting.!9:!? The thermodilution technique should 
be taken into account, to some extent, in the evaluation of 
disagreement of the 2 methods, because the injectate 
volume and temperature for optimal accuracy is different 
from that for optimal reproducibility, and alters in differ- 
ent experimental or clinical situations.!? Although there 
are certain limitations to the thermodilution technique, it 
is generally considered to be convenient as a reference 
standard, and has been useful in the evaluation of subse- 
quent hemodynamic interventions and in monitoring pa- 
tients in critical condition??? In the present study, the 
measurements of CO by the 2 techniques were simulta- 
neously performed, but thermodilution usually lasted a 
little longer than Doppler, because of technique differ- 
ence. Some results may have occurred because Doppler 
profile is obtained during a finite period of time compared 
with thermodilution, which is an average of changes dur- 
ing several minutes. 

Although the Doppler echocardiographic technique 
by the aortic method appears reliable in the assessment of 
CO at baseline and in the determination of directional 
changes of CO, significant differences do occur between 
Doppler and thermodilution during periods of rapid he- 
modynamic change, and the degree of agreement of the 2 
techniques can not be acceptable for clinical purposes. 
Currently, it is unclear which technique may more accu- 
rately reflect hemodynamic changes. It may be that the 
Doppler method has substantial limitations in the detec- 
tion of rapid changes of CO; however, thermodilution can 
not be considered the gold standard for comparison. Fur- 
ther studies should be performed to evaluate which tech- 
nique can more accurately reflect rapid modifications of 
the hemodynamic state. 
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Transdermal Therapeutic System 


Revised Dosage Information 


BRIEF SUMMARY (FOR FULL PRESCRIBING 
INFORMATION, SEE PACKAGE INSERT) 


INDICATIONS AND USAGE 
This drug product has been conditionally approved by the FDA 
for the prevention of angina pectoris due to coronary artery 
disease. Tolerance to the antianginal effects of nitrates 
(measured by exercise stress testing) has been shown to be a 
major factor limiting efficacy when transdermal nitrates are 
used continuously for longer than 12 hours each day. The 
development of tolerance can be altered (prevented or 
attenuated) by use of a noncontinuous (intermittent) dosing 
schedule with a nitrate-free interval of 10-12 hours. 
Controlled clinical trial data suggest that the intermittent 
use of nitrates is associated with decreased exercise 
tolerance, in comparison to placebo, during the last part of 
the nitrate-free interval; the clinical relevance of this observa- 
tion is unknown, but the possibility of increased frequency or 
severity of angina during the nitrate-free interval should be 
considered. Further investigations of the tolerance phenome- 
non and best regimen are ongoing. A final evaluation of the 
effectiveness of the product will be announced by the FDA. 


CONTRAINDICATIONS 

Allergic reactions to organic nitrates are extremely rare, but they do 
occur. Nitroglycerin is contraindicated in patients who are allergic 
to it. Allergy to the adhesives used in nitroglycerin patches has also 
been reported, and it similarly constitutes a contraindication to the 
use of this product. 


WARNINGS 

The benefits of transdermal nitroglycerin in patients with acute 
myocardial infarction or congestive heart failure have not been 
established. If one elects to use nitroglycerin in these conditions, 
careful clinical or hemodynamic monitoring must be used to avoid 
the hazards of hypotension and tachycardia. 

A cardioverter/defibrillator should not be discharged through a 
paddle electrode that overlies a Transderm-Nitro patch. The on 
that may be seen in this situation is harmless in itself, but it may be 
associated with local current concentration that can cause damage 
to the paddles and burns to the patient. 


PRECAUTIONS 

General 

Severe hypotension, particularly with upright posture, may occur 
with even small doses of nitroglycerin. This drug should therefore 
be used with caution in patients who may be volume depleted or 
who, for whatever reason, are already hypotensive. Hypotension 
induced by nitroglycerin may be accompanied by paradoxical 
bradycardia and increased angina pectoris. 

Nitrate therapy may aggravate the angina caused by hypertrophic 
cardiomyopathy. 

As tolerance to other forms of nitroglycerin develops, the effect 
of sublingual nitroglycerin on exercise tolerance, although still 
observable, is somewhat blunted. 

In industrial workers who have had long-term exposure to 
unknown (presumably high) doses of organic nitrates, tolerance 
clearly occurs. Chest pain, acute myocardial infarction, and even 
sudden death have occurred during a oie | withdrawal of 
nitrates from these workers, demonstrating the existence of true 
physical dependence. 

Several clinical trials in patients with angina pectoris have 
evaluated nitroglycerin regimens which incorporated a 10-12 hour 
nitrate-free interval. In some of these trials, an increase in the 
frequency of anginal attacks during the nitrate-free interval was 
observed in a small number of patients. In one trial, patients 
demonstrated decreased exercise tolerance at the end of the 
nitrate-free interval. Hemodynamic rebound has been observed 
only rarely; on the other hand, few studies were so designed that 
rebound, if it had occurred, would have been detected. The 
importance of these observations to the routine, clinical use of 
transdermal nitroglycerin is unknown. 

Information for Patients 

Daily headaches sometimes accompany treatment with nitroglyc- 
erin. In patients who get these headaches, the headaches may be a 
marker of the activity of the drug. Patients should resist the 
temptation to avoid headaches by altering the schedule of their 
treatment with nitroglycerin, since loss of headache may be 
associated with simultaneous loss of antianginal ok 

Treatment with nitroglycerin may be associated with lightheaded- 
ness on standing, especially just after rising from a recumbent or 
seated position. This effect may be more frequent in patients who 
have also consumed alcohol. 








0.1 mg/hr... 
Formerly described as 2.5 mg/24 hr 





0.2 mg/hr.. 
Formerly described as 5 mg/24 hr 





0.4 mg/hr.. 


Formerly described as 10 mg/24 hr 





0.6 mg/hr.. 
Formerly described as 15 mg/24 hr 





After normal use, there is enough residual nitroglycerin in 
discarded patches that they are a potential hazard to children and 


pets. 

A patient leaflet is supplied with the systems. 
Drug Interactions 
The vasodilating effects of nitroglycerin may be additive with those 
of other vasodilators. Alcohol, in particular, has been found to 
exhibit additive effects of this variety. 

Marked symptomatic orthostatic hypotension has been reported 
when calcium channel blockers and organic nitrates were used in 
combination. Dose adjustments of either class of agents may be 
necessary. 

Carcinogenesis, Mutagenesis, Impairment of Fertility 

No long-term animal studies have examined the carcinogenic or 
mutagenic potential of nitroglycerin. Nitroglycerin's effect upon 
reproductive capacity is similarly unknown. 

Pregnancy Category C 

Animal reproduction studies have not been conducted with 

Md ath It is also not known whether nitroglycerin can cause 
fetal harm when administered to a pregnant woman or whether it 
can affect reproductive capacity. Nitroglycerin shouid be given to a 
pregnant woman only if clearly needed. 

Nursing Mothers 

It is not known whether nitroglycerin is excreted in human milk. 
Because many drugs are excreted in human milk, caution should be 
exercised when nitroglycerin is administered to a nursing woman. 
Pediatric Use 

Safety and effectiveness in children have not been established. 


ADVERSE REACTIONS 

Adverse reactions to nitroglycerin are generally dose-related, and 
almost all of these reactions are the result of nitroglycerin's activity 
as a vasodilator. Headache, which may be severe, i5 the most 
commonly reported side effect. Headache may be recurrent with 
each daily dose, especially at higher doses. Transient episodes of 
lightheadedness, occasionally related to blood pressure changes. 
may also occur. Hypotension occurs infrequently, but in some 
patients it may be severe enough to warrant discontinuation of 
mraoy. Sup crescendo angina, and rebound hypertension 
have been reported but are uncommon. 

Extremely rarely, ordinary doses of organic nitrates have caused 
methemoglobinemia in normal-seeming patients. Methemoglobin- 
emia is so infrequent at these doses that further discussion of its 
diagnosis and treatment is deferred (see Overdosage). 

Application-site irritation may occur but is rarely severe. 

In two placebo-controlled trials of intermittent therapy with 
nitroglycerin patches at 0.2 to 0.8 mg/hr, the most frequent 
adverse reactions among 307 subjects were as follows: 


Placebo Patch 
Headache 18% 63% 
Lightheadedness 4% 6% 
Hypotension, and/or syncope 0% 4% 
Increased angina 2% 2% 
OVERDOSAGE 
Hemodynamic Effects 


The ill effects of nitroglycerin overdose are generally the result of 
nitroglycerin's capacity to induce vasodilatation, venous pooling, 
reduced cardiac output, and hypotension. These hemodynamic 
changes may have protean manifestations, including increased 
intracranial pressure, with any or all of persistent throbbing 
headache, confusion, and moderate fever; vertigo; palpitations; 
visual disturbances; nausea and vomiting (possibly with colic and 
even bloody diarrhea); syncope es ly in the upright posture); 
air hunger and crspnes, later followed by reduced ventilatory effort; 
diaphoresis, with the skin either flushed or cold and clammy; heart 
block and bradycardia; paralysis; coma; seizures; and death. 

Laboratory determinations of serum levels of nitroglycerin and 
its metabolites are not widely available, and such determinations 
have, in any event, no established role in the management of 
nitroglycerin overdose. 

No data are available to suggest physiological maneuvers (e.g. 
maneuvers to change the pH of the urine) that might accelerate 
elimination of nitroglycerin and its active metabolites. Similarly, it is 
not known which, if any, of these substances can usefully be 
removed from the body by hemodialysis. 

No specific antagonist to the vasodilator effects of eie ipe 
is known, and no intervention has been subject to controlled study 
as a MN of far erui overdose. Because the hypotension 
associated with nitroglycerin overdose is the result of venodilatation 
and arterial hypovolemia, prudent therapy in this situation should 
be directed toward an increase in central fluid volume. Passive 
elevation of the patient's legs may be sufficient, but intravenous 
infusion of normal saline or similar fluid may also be necessary. 

The use of epinephrine or other arterial vasoconstrictors in this 
setting is likely to do more harm than good. 

In patients with renal disease or congestive heart failure, therapy 
resulting in central volume expansion is not without hazard. 
Treatment of nitroglycerin overdose in these patients may be subtle 
and difficult, and invasive monitoring may be required. 


— 


Methemoglobinemia i , , | 
Nitrate ions liberated during metabolism of nitroglycerin can oxi 
hemoglobin into methemoglobin. Even in patients totally withou 
cytochrome bs reductase activity, however, and even assuming 
the nitrate moieties of nitroglycerin are quantitatively applied to 
oxidation of hemoglobin, about 1 mg/kg of E cerin Should 
required before any of these patients manifests clinically signific 
= 10%) methemoglobinemia. In patients with normal reducta: 
unction, significant production of methemoglobin should requi 
even larger doses of nitroglycerin. In one study in which 36 pati 
received 2-4 weeks of continuous nitroglycerin therapy at 3.1 tc 
4.4 mg/hr, the average methemoglobin level measured was 0.2 
this was comparable to that observed in parallel patients who 
received placebo. 

Notwithstanding these observations, there are case reports 0 
significant methemoglobinemia in association with moderate 
overdoses of organic nitrates. None of the affected patients had 
been thought to be unusually susceptible. 4. 

Methemoglobin levels are available from most clinical laborat 
ries. The diagnosis should be suspected in patients who exhibit 
signs of impaired oxygen delivery despite adequate cardiac outs 
and adequate arterial pO». Classically, methemoglobinemic bloo 
described as chocolate brown, without color change on exposui 
air. 

When methemoglobinemia is diagnosed, the treatment of chi 
is methylene blue, 1-2 mg/kg intravenously. 


DOSAGE AND ADMINISTRATION 

The suggested starting dose is between 0.2 mg/hr*, and 

0.4 mg/hr* . Doses between 0.4 mg/hr* and 0.8 mg/hr* have 
shown continued effectiveness for 10-12 hours daily for at least 
one month (the longest period studied) of intermittent administ 
tion. Although the minimum nitrate-free interval has not been 
defined, data show that a nitrate-free interval of 10-12 hours is 
sufficient (see INDICATIONS AND USAGE). Thus, an appropriat 
dosing schedule for ver patches would include a daily 
patch-on period of 12-14 hours and a daily patch-off period of 
10-12 hours. 

Although some well-controlled clinical trials using exercise 
tolerance testing have shown maintenance of effectiveness whe 
patches are worn continuously, the large majority of such _ 
controlled trials have shown the development of tolerance (i.e. , 
complete loss of effect) within the first 24 hours after therapy w 
initiated. Dose adjustment, even to levels much higher than 
generally used, did not restore efficacy. 


PATIENT INSTRUCTIONS FOR APPLICATION OF SYSTEM 
A patient leaflet is supplied with each carton. 


HOW SUPPLIED 
Total 
Nitro- 
glycerin 
Transderm- in System Carton 
Nitro System* System Size Size 
0.1 mg/hr 12.5mg 5cm? 30 Systems...NDC 57267-90; 
**30 Systems... NDC 57267-90; 
**100 Systems... NDC 57267-90; 
0.2mg/hr 25mg 10cm2 30 Systems...NDC 57267-90! 
* *30 Systems... NDC 57267-90! 
* * 100 Systems... NDC 57267-90! 
0.4mg/hr 50mg 20cm? 30 Systems... NDC 57267-91( 
* *30 Systems... NDC 57267-911 
* *100 Systems... NDC 57267-911 
0.6mg/hr 75mg 30cm? 30 Systems... NDC 57267-91! 
* *30 Systems... NDC 57267-91! 
**100 Systems... NDC 57267-91! 


** Institutional Pack 


*Rated release in vivo. Release rates were formerly described ir 
terms of drug delivered per 24 hours. In these terms, the suppl 
Transderm-Nitro systems would be rated at 2.5 mg/24 hr 

(0.1 mg/hr), 5 mg/24 hr (0.2 mg/hr), 10 mg/24 hr (0.4 mg/hr 
and 15 mg/24 nr 0.6 mg/hr). 


Do not store above 86°F (30°C). 


Summit Pharmaceuticals 
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Summit, New Jersey 07901 C89-46 (Rev. 10 
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The nitrate your patients 
Will stick with — 


TRANSDERM-NITRO 
0.2 MG/HR 


Simple, once-daily patch application 


Patient-preferred 7 to 1 for convenience compared with oral nitrates 
(12% had no preference, n=4,300)' 


Easy-to-handle nonadhesive tab 


As with all nitroglycerin medications, side effects may occur with Transderm-Nitro, the most common of which is 
headache. All transdermal nitroglycerin products are being marketed pending final evaluation of effectiveness by the FDA. 
Please consult brief summary of Prescribing Information on following page. 


z E TTN ; "en 
Iransderm-Nitro y` Summit Pharmaceutical 
nitroglyceri 0.1 mg/hr, 0.2 mg/hr, 0.4 mg/hr, 0.6 mg/hr* E | 

At the heart of nitrate compliance 


"Formerly described as 2.5 mg/24 hr, 5 mg/24 hr, 10 mg/24 hr, 15 mg/24 hr, 
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